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domains, antidoby Fc-hinge fragments, subfragments and mutant domains with reduced biological half lives. Methods of produ- 
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those of immunoglobulin variable domains; antibody Fc and Fc-hinge domains, which have the same in vivo stability as intact 
antibodies; and domains engineered to have reduced in vivo half lives. These DNA constructs and protein domains will be useful 
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duction of recombinant antibodies or chimaeric proteins with increased or decreased stability and longevity for therapeutic and 
diagnostic uses. 
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DESCRIPTION 
RECOMBINANT PRODUCTION OF 
IMMONOGLOBULIN-LIKE DOMAINS IN PROKARYOTTC rgT.T.fi 



BACKGROUND OF THE INVENTION 

This is a continuation-in-part of co-pending U.S. 
Patent Application Serial No. 07/963,333, filed October 
19, 1992; which was a continuation-in-part of U.S. Patent 
Application Serial No. 07/, 873, 930, filed April 24, 1992. 
The entire text of each of the above -referenced 
disclosures is specifically incorporated by reference 
herein without disclaimer.- 

The U.S. Government owns certain rights in the 
present invention pursuant to NIH grant R29 AI31592-01. 

Field of the Invention 



The present invention relates generally to the 
fields of immunology and molecular biology. The 
invention relates to vectors useful for the expression of 
immunoglobulin -like domains and fragments, such as T-cell 

25 variable domains and wild type and engineered antibody Fc 
fragments; to bacterial cells capable of secreting said 
domains, engineered domains, heterodimers and fusion 
proteins in large quantities; to recombinant domains, 
fusion proteins or other engineered proteins which have 

30 modified in vivo stability; and to methods for their 
production and use. 



35 



2 . Description of Related Art 



Most glycoproteins that mediate antigen recognition 
or cell -cell recognition in the immune system contain 
related structural elements, suggesting that they share a 
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common evolutionary liistory. Such genes and the 
resultant protein elements are thus members of an 
evolutionary conserved group, which has been termed the 
immunoglobulin (Ig) superfamily. Included in the immune 
5 system branch of the immunoglobulin superfamily are 

antibodies , T cell receptors , MHC glycoproteins , the CD2 , 
CD4 and CDS proteins, some of the polypeptide chains of 
the CD3 complex associated with the T cell receptor^ 
various Fc receptors on lymphocytes and other white blood 
10 cells, and Sj-microglobulin. 

All of the above molecules contain one or more 
immunoglobulin (Ig) -like domains which exhibit 
considerable structural homology. Each immunoglobulin- 
15 like domain typically has about 100 amino acids and, is 

thought to be folded into a characteristic structure with 
two antiparallel fi sheets, usually stabilized by a 
conserved disulfide bond. Many of these molecules are 
dimers or higher oligomers in which Ig homology units of 
one chain interact with those in another. Other key 
molecules which contain immunoglobulin- like domains have 
also been identified, these include receptors such as the 
•PDGF receptor, and qell adhesion molecules such as N-CAM 
and Ng-CAM. 

The majority of T cells recognize antigenic peptides 
bound to class I or II proteins of the major 
histocompatibility complex (MHC) and are thus "MHC 
restricted". The recognition of peptide -MHC complexes is 

30 mediated by surface-bound T cell receptors (TCRs) . These 
receptors are comprised of various heterodimeric 
polypeptides, the majority of which are ot and jS 
polypeptides. A minor population (1-10%) of mature T- 
cells bears T-cell receptors (TCRs) comprising 6 y 

35 heterodimers (Borst et al. , 1987; Brenner et al. , 1986) . 



20 
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The production of single or heterodimeric T-cell 
receptor variable domains is of interest for purposes of 
studying T-cell receptor interaction with antigens and 
developing approaches to therapies for autoimmune 
diseases and cancer. An important goal of molecular 
biology is a detailed understanding at the molecular 
level of the binding of T-cell receptors to cognate 
peptide-major histocompatibility complexes. Detailed 
knowledge of this process will be a step in the 
development of, for example, immunotherapy for T-cell 
mediated autoimmune disease. Despite this interest and 
the potential applications arising from the study of T- 
cell receptor domains, no methods are available for the 
production of only single T-cell receptor domains, nor 
has expression and secretion in prokaryotic hosts been 
successful . 



Several composite dimeric species incorporating the 
a and 13 polypeptides have been produced in various 
systems. TCR QfjS heterodimers have been expressed as 
phosphatidyl -inositol linked polypeptides (Lin et al., 
199G) or TCR- immunoglobulin chimeras (Gregoire et al., 
1991) in mammalian transf ectomas . The production of V^^C/c 
homodimers (Mariuzza & Winter, 1989) and V^-CjS monomers 
(Gascoigne, 1990) in mammalian cells has also been 
described. The expression and secretion of 
immunoglobulin VH domains (Ward et al., 1989), Fv 
fragments (Skerra and Pluckthum, 1988; Ward et al . , 1989) 
and Fab fragments (Better et al . , 1988) has been 
reported. Molecular modeling analyses indicate that 
there are structural similarities between immunoglobulin 
^ab fragments and the extracellular domains of TCRs 
(Novotny et al., 1966; Chothia et al,, 1988). Several 
expression systems for the production of recombinant TCRs 
in mammalian cell transf ectomas have been documented but 
successful expression and secretion of these proteins in 
a prokaryotic host has not been reported. 
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Despite apparent expression of a single chain anti- 
fluorescein TCR in E. coll (IsTovotny et al., 1991), the 
product could not be isolated from the periplasm even 
though the leader sequence had been cleaved from the N- 
5 terminus of the recombinant protein. The single chain 
TCR was relatively insoluble, requiring the use of 
genetic manipulation to replace five of the "ejiposed" 
hydrophobic residues with relatively hydrophilic 
residues. 



10 

No methods are presently available for the 
production of single or heterodimeric T-cell receptor 
variable domains as secreted proteins- If available, 
such species would have potential use in the induction of 
15 antibodies as protective vaccines, for the therapy of 
autoimmune disease, and antibodies for targeting 
idiotypes (T-cell) or T-cell leukemias. Additionally, 
secretion of T-cell receptor domains from bacterial cell 
hosts should provide a convenient, economically 
attractive and rapid route for production of recombinant 
T-cell receptors. 



20 



Immiinoglobulin Fc domains are also of great interest 
for purposes of studying the mechanisms of antibody 

25 stabilization, catabolism and antibody interactions with 
further molecules of the immune system. These include, 
depending on the class of antibody, interactions with 
complement, and binding to specific receptors on other 
cells, including macrophages, neutrophils and mast cells. 

30 More detailed knowledge of the biology of Fc regions 
would be important in understanding various molecular 
processes of the immune system, such as phagocytosis, 
antibody-dependent cell-mediated cytotoxicity and 
allergic reactions, 

35 



In an analogous situation to the T cell receptor, 
methods do not currently exist which allow the production 
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of large quantities of functional individual Fc domains. 
To date, it is not known whether an immunoglobulin 
fragment, let alone a stable one, could be produced in a 
prokaryotic cells such as an E. coli. Therefore, methods 
5 for the recombinant production of such domains in 

prokaryotic cells, and particularly, methods resulting in 
the secretion of large quantities of antibody constant 
domains would be advantageous. 

10 The production and purification of Fc domains would 

allow their structural and functional properties to be 
more precisely defined, and ultimately, precise 
interactive residues identified which control various 
functions, such as, e.g., catabolism. The production of 

15 a stable Fc fragment that has reduced binding to Fc 

receptors and complement factors would be attractive, 
since such a fragment could be used to tag therapeutic 
reagents . Chimaeric proteins produced in this manner 
would have the advantage of high stability and in 

20 addition, would not bind significantly to Fc receptors 
that are expressed on a wide variety of immune cells 
(Hogg, 1988) . This would reduce the non-specific binding 
of the therapeutic reagents, since Fc receptors are 
ubiquitously expressed. This, in turn, allows lower 

25 doses of the agent to be used in therapy and also reduces 
undesirable side-effects due to non-specific binding. 

TCR fragments have been produced in mammalian cells 
but they are relatively large. Whole antibodies have 

30 also been produced recombinant ly. However, the 

availability of smaller size immunoglobulin- like segments 
may allow more rapid structural resolution using such 
techniques as NMR and X-ray crystallography. TCR 
variable domains interact with peptide -MHC complexes and 

35 are of considerable interest, antibody constant domains 
are also of interest given their wide variety of 
functions. The availability of purified individual 
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domains will allow the functions of residues within such 
proteins to be defined. 



Additionally^ the use of variable domains alone in 
5 immunization should result in the production of anti- 

variable domain antibodies. Such antibodies are expected 
to be particularly desirable for use in therapy and 
diagnosis since they block the interaction of the TCR 
with antigen and^ due to the variable nature of the V^/V^ 

10 domains or other domains such as and V^, are specific 
for subsets of T- cells. Large TCR fragments, such as 
those that can be expressed from mammalian cells, result 
in production of antibodies not only against the variable 
domains but also against other domains present in the 

15 construct^ such as TCR constant domains and/or other 
immunoglobulin domains. There would therefore be 
distinct advantages in having smaller variable domain TCR 
fragments available, particularly for immunization since 
any immune response generated is likely to be directed to 

20 particular regions of interest, i.e., the V domains. 



SUMMARY OF THE INVENTION 

25 The present invention seeks to address these and 

other drawbacks in the prior art by providing 
compositions and methods for the expression and secretion 
of large quantities of immunoglobulin- like domains, such 
as T-cell receptor variable domains and native or 

3 0 engineered mutant antibody Fc fragments, in prokaryotic 
host cells. As such, the invention encompasses 
recombinant vectors, bacterial cells transformed by such 
vectors, immunoglobulin- like domains, fragments and 
conjugates,, and to methods for their production and use. 

3 5 The invention also concerns the production of 

immunoglobulin- like domains, or other recombinant 
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proteins, with increased or decreased stability in vivo, 
for use, for example, as therapeutic or imaging agents. 

As used herein, the term "immunoglobulin- like 
5 domain" is intended to refer to a native or engineered 
domain from the immunoglobulin (Ig) , or immunoglobulin- 
like, superfamily. The immunoglobulin-like superfamily 
is a well documented group of evolutionary conserved and 
structurally related proteins. Included in the 

10 immunoglobulin superfamily are cell surface and secreted 
antibodies (immunoglobulins) , including IgG, IgM, IgA, 
IgD and IgE, and various cell surface receptor molecules. 
The cell surface receptors include T cell receptor 
chains; class I and class II MCH glycoproteins (also 

15 termed HLA antigens); the CD2, CD4 and CDS proteins; 
certain CDS polypeptides; Fc receptors, the Thy-1 
molecule; the PDGF receptor; and various cell adhesion 
molecules (CAMs) , such as neural cell and neuron-glia 
cell adhesion molecules (N-CAM and Ng-CAM, respectively) . 

20 

Immunoglobulin-like domains may additionally be 
defined as constant or variable domains. The variable 
domains may be characterized by the presence of 
hypervariable loops, changes in the residues of which 

25 provide the wide . antigen-binding capacity of the immune 
system. Constant domains do not express such 
hypervariability as they are not primarily involved in 
antigen-related interactions. As used herein, 
"immunoglobulin-like domain" is intended to include all 

30 such variable and constant domains, IG-like domains 

derived originally from antibodies or from cell surface 
receptors or other molecules, in addition to engineered, 
modified or * mutant' forms of such domains. 

Despite the presence or absence of hypervariable 
loops, immunoglobulin-like domains all exhibit common 
structural motifs. For example, they will each generally 
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have on the order of about 100 amino acidsv and will have 
a similar overall structiire including antiparallel IS 
sheets, usually stabilized by a conserved disulfide bond. 
The structural similarity is important as it renders the 
5 present invention applicable to all such immunoglobulin- 
like domains. Accordingly, the methods of the present 
invention may be adapted for use in the recombinant 
production of any immunoglobulin-like domain in a stable 
form and in large quantities . Naturally, one may wish to 
10 modify the particular expression conditions employed, 

such as buffers, temperatures, and the like, to optimize 
the yields in each case. Techniques for monitoring and 
optimizing recombinant production will be known to those 
of skill in the art in light of the present disclosure. 



15 



20 



25 



30 



35 



The present invention^is exemplified by the 
"production, and secretion, of large quantities of both 
variable region and constant region immunoglobulin-like 
domains, and genetically engineered mutant domains , in 
gram-negative hosts such as E. coli and S. zmrcescens. 
Also included are examples of the production of 
immunoglobulin-like domains derived originally from both 
a cell surface receptor and an antibody molecule . In 
particular, the production of single TCR variable 
domains, V„ and V^, and single chain V^V^ heterodimers ; 
antibody Fc^hinge, Fc, CH2-hinge and CH3 domains; and Fc- 
hinge mutant domains with reduced half lives, is 
disclosed. However, in light of such wide-ranging 
examples, which cover the spectrum of the immunoglobulin- 
like superfamily and modifications thereof, it will be 
understood that the present invention is not limited to 
these examples alone. Rather, it encompasses all the 
immunoglobulin-like structures described herein above. 

A particularly advantageous aspect of this invention 
is that it allows the production of large quantities, 
such as milligrams per liter of bacterial culture, of 
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immunoglobulin- like domains in prokaryotes. Domains 
produced following expression from the recombinant 
vectors of the present invention do not suffer from the 
problems often associated with prokaryotic expression, 
such as, for example, protein aggregation in inclusion 
bodies. In fact, the immunoglobulin- like domains of the 
present invention exhibit native structural forms. For 
example, recombinant single chain T-cell receptor 
variable domains are disclosed which are folded into the 
^-pleated sheets indicative of native structure. 

In certain embodiments, recombinantly produced 
antibody Fc and Fc -hinge domains are described which have 
the same in vivo stability as intact antibodies. One of 
the advantages of these proteins is that they are 
aglycosylated and have a reduced ability to bind to Fc 
receptors and complement factors. Thus, the construction 
of chimaeric molecules that contain a therapeutic 
hormone, for example, linked to the Fc fragment (or 
subfragment) are expected to have the advantages of 
increased stability in vivo without the undesirable non- 
specific binding properties that the native Fc fragment 
would have. Furthermore, the production of chimaeric 
proteins in prokaryotic hosts such as E. coli rather than 
in mammalian cells reduces the problems associated with 
proteolysis, since, in contrast to mammalian cell 
expression hosts, protease deficient stains of E. coli 
exist and are readily available. The stability of the 
Fc-based proteins may thus be exploited in the creation 
of recombinant fusion proteins with enhanced stability, 
as would may be used in a variety of therapeutic regimens 
in which the protein must remain stable whilst in the 
bloodstream. 

In other important embodiments, the design and 
production of recombinant antibody Fc-hinge domains 
engineered to have reduced in vivo, or biological, half 
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lives is disclosed. The Fc -hinge domain mutants with 
reduced biological half lives of the present invention 
are generally defined as mutants in which one or more of 
the natural residues at the CH2-CH3 domain interface of 
5 the Pc-hinge fragment have been exchanged for distinct 

amino acids, and such Fc-hinge domain mutants may also be 
functionally defined as mutants which exhibit impaired 
SpA (Staphylococcal protein A) binding. In preferred 
embodiments, the reduced half -life Fc-hinge mutants will 
have changes in certain amino acids between about residue 
253 and about residue 434, which have been discovered to 
form a *catabolic control site'. 



15 



20 



25 



More particularly, the present invention concerns 
mutant domains and antibodies containing domains in which 
one or more of the following, amino acids have been 
exchanged for other residues: isoleucine (ile) at 
position 253; histidine (his) at position 310; glutamine 
(gin) at position 311; histidine (his) at position 433; 
and asparagine (asn) at position 434 (wherein the amino 
acids are numbered according to Kabat et al., (1991)). 
To reduce the half life of an Fc-hinge domain, or intact 
antibody, any of the above residues may be substituted 
for any other amino acid residue. The choice of 
substitution is not believed to be particularly critical 
so long as the original ile, his, gin or asn residues are 
replaced. Substitution can advantageously be achieved by 
any of the molecular biological techniques known to those 
of skill in the art, as exemplified hereinbelow, or even 
30 by chemical modification. 

Preferred reduced half-life antibodies or domains 
will be those which include one or more of the following 
substitutions on the Kabat numbering system, or their 
35 equivalents on different numbering systems: ile 253 to 
ala 253; his 310 to ala 310; gin 311 to asn 311; his 433 
to ala 433; and asn 434 to gin 434; of which the ile 253 
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to ala 253, his 310 to ala 310, and gin 311 to asn 311 
mutations are particularly preferred. The most preferred 
mutant domains are the single mutant termed 1-253, the 
double mutant termed HQ-310, and the tetra -mutant termed 
5 HQ-310/HN-433 (Table II) . 



10 



15 



The production of Fc-hinge domains with decreased in 
vivo half lives is an advantageous development in that it 
marks the delineation of the site for the control of igGl 
catabolisra to a specific region of the Fc-hinge fragment, 
and in practical terms, it has several important 
applications. It allows the design and construction of 
antibody molecules, domains, or fragments, such as 
bivalent Fab fragments, with reduced half lives. These 
would be generally useful in that the quicker biological 
clearance times would result in reduced immunogenicity of 
any antibody administered. The catabolic site delineated 
in this invention is distinct from the ADCC and 
complement fixing sites. This is important as antibodies 
may be produced which are completely functional and yet 
which have shorter half lives and reduced antigenicity 
themselves. Other important use include, for example, in 
antibody-based imaging regimens, antibody-based drug - 
removal, or even in the creation of immunotoxins with - 
25 shorter lives. 

The Fc-hinge domain mutants may also be employed in 
embodiments other than those involving clinical 
administration, for example, in the isolation of 
receptors involved in IgG catabolism. To this end, one 
may use screening assays or differential screening assays 
in which the mutants would exhibit binding or increased 
binding to a potential catabolic receptor. 



20 



30 



35 



The discoveries of the present inventors concerning 
antibody catabolism are also envisioned to be useful, in 
a reverse -engineering manner, to increase the in vivo 
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half life of virtually any recombinant protein, and 
particularly a recombinant antibody, which one desires to 
administer to a human or animal. An antibody or 
recombinant protein that was found to be cleared from the 
5 body more quickly than ideally desired could be 
engineered to remove certain catabolism-directing 
residues, such as any. one of the residues identified 
herein. 

10 In certain other embodiments, the present invention 

contemplates the creation of recombinant molecules, 
particularly antibody constructs, including imaging 
antibodies and immunotoxins , with decreased in vivo half 
lives. Although longevity of recombinant molecules is 

15 often needed, several protocols would benefit from the 

design of a molecule which would be more quickly removed 
from circulation after exerting its designed action . 
This may include, for example, antibodies employed for 
imaging; antibodies administered for the purpose of 

20 binding pathogens, toxins or drugs and thereby removing 
them from the body; and even certain immunotoxins which 
may quickly bind to their intended target and yet be 
removed from circulation before they are able to bind 
significantly to other related targets, thereby reducing 

25 toxic side effects. 

To generate a domain, antibody or antibody construct 
with a reduced half -life, one would modify. the natural 
residues at the CH2-CH3 domain interface of the Fc-hinge 

30 which form the ^catabolic control site' . Several such 
catabolism controlling mutations are described herein 
which may be straightforwardly engineered into an 
antibody molecule^ or antibody conjugate. These include, 
substituting another residue for isoleucine 253, 

35 histidine 310, glutamine 311, histidine 433, and/or 
asparagine 434 (Kabat et al., (1991) , The present 
invention also provides an advantageous method for 
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determining other catabolically important residues, which 
is based upon identifying a mutant with impaired SpA 
binding. Therefore, in addition to the specific 
mutations described herein, mutations which result in 
decrease SpA binding are contemplated to also result in 
reduced biological half life and to thus fall within the 
scope of this invention. Techniques for conducting SpA 
binding assays are known to those of skill in the art and 
are also described hereinbelow. 



The recombinant plasmids or expression vectors of 
this invention are adapted for expression of 
immunoglobulin -like domains, such as T-cell receptor and 
antibody domains, in recombinant host cells, and 
15 particularly, in transformed prokaryotic host cells. 

Recombinant plasmids thus comprise a DNA segment coding 
for one or more immunoglobulin- like domains. 
Accordingly, any one or more of a wide variety of 
immunoglobulin-like domains may be incorporated into a 
recombinant vector and expressed in a host cell, and 
preferably, a prokaryotic cell, in accordance herewith. 
As discussed above, these include, for example, variable 
or constant domains from IgG, IgM, IgA, IgD, IgE, T cell 
receptors, MHC class I or MHC class II, and also, CD2, 
CD4, CDB, CD3 polypeptides, Fc receptors, Thy-l and 
domains from the PDGF receptor, N-CAM or Ng-CAM. 



In certain embodiments, the present invention 
concerns the expression and production of T cell 
receptor variable domains or antibody constant domains. 
Preferred TCR variable domains are V^^ and V^^, with the 
murine T-cell receptor domain V^Vg heterodimer, derived 
from the 1934.4 hybridoma (Wraith et al . , 1989), being 
particularly .preferred. In regard to constant domains, 
35 the production of antibody Fc-hinge, Fc, CH2-hinge or CH3 
domains is preferred, with Fc-hinge or Fc domains being 
particularly preferred due to their in vivo stability. 
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In other instances, the production of Fc-hinge domains 
(or antibodies incorporating such domains) with mutations 
at ile 253, his 310> gin 311, his 433 or asn 434 is 
preferred as these have specifically reduced half lives. 
5 Such mutants are exemplified by HN-433, and more 
preferably, by 1-253, HQ-310 and HQ-310/HIT-433 . 

' Various segments or subf ragments of any of the above 
domains, as well as other variable or constant domains, 

10 may also be employed in accordance herewith. These 

domains include, for example, the TCR domains V^V^, C^,, 
Cj3i/ C^2' ^6' and - immxmoglobulin domains CHI. 

Variations of TCR or immunoglobulin domains other than 
those specifically described above also fall within the 

15 scope of the invention. Such variations may arise from 
naturally-occurring or genetically engineered mutations, 
such as point mutations, and other alterations affecting 
one or more amino acids or the addition of amino acids at 
the IsT or C termini. 

20 

Furthermore, while the invention has been 
illustrated with murine T-cell receptors and 
immunoglobulin fragments, similar strategies are 
applicable to immunoglobulin- like domains from a variety 
25 of other species, including mammals such as rat, and more 
particularly, human immunoglobulin- like molecules. In 
light of the structural similarity of the immunoglobulin- 
like domains, and the conservation of the immunoglobulin 
superfamily throughout evolution, it is contemplated that 
the techniques of the present invention will be directly 
applicable to the prokaryotic expression and recombinant 
production of an immunoglobulin- like domain from any 
given species. 



30 



35 



Other DNA segments may also be included linked to 
the immunoglobulin- like domains described. For example, 
one or more recombinant TCR .variable domains qf varying 
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specificities may be linked to one or more TCR constant 
domains, immunoglobulin constant domains, or even other 
proteins, such as bacteriophage coat protein genes. The 
antibody constant domains of the present invention may 
also be combined with another TCR or immunoglobulin 
domain, or indeed, with any other protein. The 
immunoglobulin constant domains may be variously 
expressed as a single domain, such as a CH3 domain; or in 
combination with one, two, three or more domains, such 
as, for example, as a CH2-hinge domain, an Fc domain, or 
an entire Fc-hinge domain. In particular embodiments, 
discussed in more detail below, Fc or Fc-hinge domains 
may be linked to any protein to produce a recombinant 
fusion with enhanced biological stability, or certain 
mutants may be employed to create antibodies or fusion 
proteins with reduced half lives. 



Once expressed, any of the products herein could be 
radiolabeled or fluorescent ly labeled, or attached to 
solid supports, including sepharose or magnetic beads or 
synthetic bilayers such as liposomes. The products could 
also be linked to carrier proteins such as bovine serum 
albumin. The TCR V domains, or V domains in combination 
with other proteins such as constant domains, could also 
25 be linked synthetically to co-receptors such as the 

extracellular domains of CD4 or CDS. This could increase 
the avidity of the interaction of the TCR fragment with 
cognate peptide MHC complexes. 



Recombinant, or cloning, vectors are included in one 
aspect of the present invention. Such vectors and DNA 
constructs will be useful not only for directing protein 
expression, but also as for use as templates for in vitro 
mutagenesis. Vectors will generally include a leader 
sequence, preferably pelB (Better et al., 1988), although 
other leader sequences may be used, for example, alkaline 
phosphatase (phoA) or ompA. In a preferred embodiment. 
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the pelB leader segment is modified with a unique 
restriction site, such as I^col, allowing insertion of TCR 
variable domain genes. Introduction of such restriction 
sites is a convenient means of cloning in a DNA segment 
5 in the same reading frame as the leader sequence. 

Modification of the leader sequence DNA may be 
achieved by altering one or more nucleotides employing 
site-directed mutagenesis. In general, the technique of 
site specific mutagenesis - is well known in the art as 
exemplified by publications (Carter, et al., 1985; 
Sambrook et al, , 1989) . As will be appreciated, the 
technique typically employs a phage vector which exists 
in both a single stranded and double stranded form. 
15 Typical vectors useful in site directed mutagenesis 

include vectors such as the M13 phage (Messing, et al., 
1981) . These phage are readily commercially available 
and their use is generally well known to those skilled in 
the art. 



Site directed mutagenesis in accordance herewith is 
performed by first obtaining a single stranded vector 
which includes within its sequence the DNA sequence 
encoding a leader sequence, pelB being used herewith. An 
25 oligonucleotide primer bearing the desired mutated 
sequence is prepared, generally synthetically, for 
example by the method of Narang et al., C1980) , The 
primer is annealed with the single stranded vector and 
subjected to DNA polymerizing enzymes such as the E. coli 
polymerase I Klenow fragment. In order to complete the 
synthesis of the mutation bearing strand, a heteroduplex 
is formed wherein one strand encodes the original non- 
mutated sequence and the second strand bears the desired 
mutation. The heteroduplex may be transformed into a 
35 bacterial cell, with E. coli. and 5. inarcescens being 
preferred. Clones are screened using colony 
hybridization and radiolabeled mutagenic oligonucleotide 
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to identify colonies which contain the mutated plasmid 
DNA (Carter et al . , 1985). Site directed mutagenesis is 
particularly suitable for generating reduced half life 
mutants . 

Constructs may also include a "tag" useful for 
isolation and purification of the expressed and secreted 
polypeptide product. Tags are relatively short DNA 
segments fused in-frame with a sequence encoding a 
desired polypeptide, such as the TCR variable domains 
herein described, which have the function of facilitating 
detection, isolation and purification. For example, 
affinity peptides may be encoded by the segments, 
allowing isolation by selective binding to specific 
antibodies or affinity resins. Any of a number of tags 
may be used, including the c-myc tag, (his) g tag, 
decapeptide tag (Huse et al., 1989), Flag™ (Immunex) 
tags and so forth. A number of the tags are also useful 
for the detection of expressed protein using Western 
blotting (Ward et al . , 1989; Towbin et al . . 1978). 



(His) 6 tags, for example, are preferable for 
purifying secreted polypeptide products on affinity metal 
chromatography columns based on metals such as Ni^"*" . The 
25 (his)g peptide chelates Ni2+ ions with high affinity. 

Polypeptide products containing these residues at the N 
or C termini bind to -the affinity columns, allowing 
polypeptide impurities and other contaminants to be 
washed away as part of the purification process. 
Polypeptide products can then be eluted from the column 
with high efficiency using, for example, 250 mM 
imidazole . 



Peptide tags, or linkers, may also be incorporated 
into the TCR product. For single chain TCR fragments, 
preferred linker peptides include a 15-mer, for example. 
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(glY4ser)3^ or other linkers, such as those, described in 
Filpula and Whitlow (1991) . 

As mentioned above, recombinant vectors of the 
present invention may also include DNA segments encoding 
various other proteins. In particular, it is envisioned 
that recombinant vectors encoding antibody Fc -hinge or Fc 
domains may also include DNA segments encoding other 
proteins, or fragments thereof, particularly where one 
wishes to produce the protein in a more stable form. It 
is envisioned that the stability of proteins or peptides 
intended for administration to animals or humans may be 
increased in this manner. Examples of such proteins 
include, for example, interleukin-2/ interleukin-4 , 
15 T" interferon^ insulin, and the like, and even TOR V^, V^. 

A variety of drugs could, likewise, be stabilized in this 
manner. Equally, the present invention provides methods 
by which any antibody, fusion protein or drug may be 
produced in a less stable form, to facilitate its removal 
20 from circulation. 

DNA segments encoding such proteins may be 
operatively incorporated into a recombinant vector, in 
frame with the Fc-based domain, whether upstream or 

25 downstream, in a position so as to render the vector 

capable of expressing a protein :Fc domain fusion protein 
(or a proteinrFc-hinge domain fusion protein) . 
Techniques for the manipulation of DNA segments in this 
manner, for example, by genetic engineering using 

30 restriction endonucleases, will be known to those of 

skill in the art in light of both the present disclosure 
and references such as Sambrook et al. (1989) . 

The invention has been illustrated with prokaryotic 
35 host cells, but this is not meant to be a limitation. 
The prokaryotic specific promoter and leader sequences 
described herein may be easily replaced with eukaryotic 
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counterparts . It is recognized that transformation of 
host cells with DNA segments encoding any of a number of 
immunoglobulin -like domains will provide a convenient 
means of producing fully functional proteins, such as for 
5 example, functional TCRs. Both cDNA and genomic 

sequences are suitable for eukaryotic expression, as the 
host cell will, of course, process the genomic 
transcripts to yield functional mRNA for translation into 
protein. Reduced half life mutant domains and antibodies 
10 may be produced in eukaryotic systems which fix 

complement, mediate ADCC and are also cleared from the 
body quickly. 

It is similarly believed that almost any eukaryotic 
15 expression system may be utilized for the expression of 
immunoglobulin -like domains, e.g., baculovirus -based, - 
glutamine synthase based or dihydrof olate reductase -based 
systems could be employed. Plasmid vectors would 
incorporate an origin of replication and an efficient 
eukaryotic promoter, as exemplified by the eukaryotic 
vectors of the pCMV series, such as pCMV5 . 

For expression in this manner, one would position 
the coding sequences adjacent to and under the control of 
the promoter. It is understood in the art that to bring 
a coding sequence under the control of such a promoter, 
one positions the 5' end of the translation initiation 
site of the translation reading frame of the protein 
between about 1 and about 50 nucleotides "downstream" of 
(i.e., 3' of) the chosen promoter. 

Where eukaryotic expression is contemplated, one 
will also typically desire to incorporate into the 
transcriptional unit, an appropriate polyadenylation site 
(e.gr. , 5'-AATAAA-3') if one was not contained within the 
original cloned segment. Typically, the poly A addition 
site is placed about 3 0 to 2000 nucleotides "downstream" 
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of the termination site of the protein at a position 
prior to transcription termination. 

As used herein the term "engineered" or 
5 "recombinant" cell is intended to refer to a cell into 
which a recombinant gene, such as a gene encoding an 
immunoglobulin- like domain, has been introduced. 
Therefore, engineered cells are distinguishable from 
naturally occurring cells which do not contain a 

10 recombinant gene that is introduced by transfection or 
transformation techniques. . Engineered cells are thus 
cells having a gene or genes introduced through the hand 
of man. Recombinantly introduced genes will either be in 
the form of a cDNA (i.e., they will not contain introns) , 

15 a copy of a cDNA gene, genomic DNA (with or without 

introns; for expression in prokaryotic hosts, the DNA 
should be without introns) , or will include DNA sequences 
positioned adjacent to a promoter not naturally 
associated with the particular introduced gene. 

20 ' . 

Generally speaking, it may be more convenient to 
employ as the recombinant gene a cDNA version of the 
gene. It is believed that the use of a cDNA gene will 
provide advantages in that the size of. the gene is 
25 generally much smaller and more readily employed to 

transform (or transfect) a targeted cell than a genomic 
gene, which will typically be up to an order of magnitude 
larger than the cDNA gene. However, the inventor does 
not exclude the possibility of employing a genomic 
version of a particxilar gene where desired, for 
expression in mammalian cells. For prokaryotic host 
cells, constructs without introns will be used, since 
prokaryotes do not splice introns and exons into 
functional mRNA. 



30 
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Suitable host cells useful in the practice of the 
invention include gram-negative organisms and might 
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include Serratia marcescens, Salmonella typhimurium and 
similar species. A particularly preferred host cell is 
Escherichia coli and the several variants of E. coli that 
are readily available and well known to those of skill in 
5 the art. 

A particular aspect of the invention is a method for 
the production of immunoglobulin -like domains, such as, 
TCR variable domains, native or mutant antibody constant 
10 domains, or siabf ragments or fusion proteins thereof. To 
produce such domains or modified domains, a gram-negative 
microorganism host cell is first transformed with any of 
the disclosed recombinant vectors, and then cultured in 
an appropriate bacterial culture medium under conditions 
15 to allow expression of the immunoglobulin- like domain (s), 
which may be subsequently isolated. 

Culturing typically comprises growing and induction. 
Growing is conveniently performed in such media as Luria 
broth plus 1% glucose, 4 x TY (double strength 2 x TY) 
plus 1% glucose, minimal media plus casamino acids and 5% 
w/v glycerol with temperatures in the range of 20°C to 
about 37°C, preferably between 25-30°C. In preferred 
embodiments, the media will contain a selection agent, 
such as ampicillin at a concentration of O.l-i mg/ml; to 
select bacterial cells which contain the expression 
plasmid. Naturally, one will choose a particular 
selection agent in conjunction with the plasmid construct 
originally employed, as is known to those of skill in the 
30 art. 

Induction of expression is typically performed at a 
point after growth has been initiated, usually after 12- 
16 hours at 30°C. This length of time results in the 
35 cells being in the early stationary phase at the 

induction stage. If the growth media contains glucose, 
the cells are pelleted and washed prior to addition of an 
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inducer, such as isopropylthiogalactopyranoside (IPTG) at 
a concentration of 0.1-1 mM, since glucose inhibits 
induction of expression. Again, a variety of other 
inducers may be employed,, according to the vector 
5 construct originally used, as is known in the art. Cells 
may be grown for shorter periods prior to induction, for 
example for 6-10 hours, or to the mid-exponential stage 
of growth. Cells are induced for 5-28 hours. 5-6 hours 
of induction is a preferred induction time if the protein 

10 is to be isolated from the periplasm, since longer 

induction times result in the protein leaking into the 
culture supernatant. However, it may be desirable to 
isolate product from the external medium, in which case 
one would prefer using longer induction times. 

15 Temperatures in the range of 20 «C to 37 °C may be used as 
growth and induction temperatures, with 25 °C being a 
preferred induction temperature. 



20 



Isolating polypeptide'products produced by the 
microbial host cell and located in the periplasmic space 
typically involves disrupting the microorganism, 
generally by such means as osmotic shock, sonication or 
lysis. Once cells are disrupted, cells or cell debris 
may be conveniently removed by centrifugation or 
25 filtration, for example. The proteins may be further 
purified, for example, by affinity metallic resin 
chromatography when appropriate peptide tags are attached 
to the polypeptide products. 



30 



Alternatively, if the induction period is longer 
than 8 hours (at 25 °C, for example) , so that the protein 
leaks into the culture supernatant, cells may be removed 
from the culture by centrifugation and the culture 
supernatant filtered and concentrated (for example, 10-20 
35 fold) . Concentrated supernatant is then dialyzed against 
phosphate buffered saline -and separation achieved by" 
column cliromatography, such as affinity or adsorption 
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chromatography . An example is separation through Ni^"^- 
NTA-agarose to separate appropriately tagged proteins 
such as those carrying a {his) ^ tag. When these tags are 

used in the construction of an expression vector, 
5 histidine tags are particularly preferred as they 

facilitate isolation and purification on metallic resins 
such as Ni"^^- NTA agarose. 

The native sequence antibody Fc- hinge and Fc 
10 antibody constant domains of the present invention are 
herein shown to have the same in vivo stability as a 
native antibody. Accordingly, the present invention 
further encompasses a method by which to produce a 
protein with increased stability, by coupling it to one 
15 or more Fc-hinge or Fc domains. This is contemplated to 
be applicable to any protein which one desires to have 
increased stability, and particularly, to proteins which 
one desires to exhibit increi^sed biological stability, 
such as an increased semm half life. _ 

20 

As used herein, the term "biologically stable 
protein" is intended to refer to a protein which has been 
modified resulting in increased biological stability with 
respect to the original protein. This term encompasses 

25 both known recombinant proteins and also proteins for 

which the recombinant form has not yet been reported. As 
such, increased or decreased biological stability may be 
measured with respect to the known or original 
recombinant protein, or with respect to the native 

3 0 protein. Biological stability may be measured by a 

variety of in vitro or in vivo means, for example, by 
using a radiolabeled protein and measuring levels of 
serum radioactivity as function of time, or by assaying 
the levels of intact antibody (of known specificity) 

35 present in the serum using ELISA as a function of time, 
with a particularly preferred measure of increased 
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biological stability being evidenced by increased serum 
half life and decreased clearance rates. 

To produce a biologically stable recombinant protein 
5 in which the protein in question is linked to an antibody 
Fc -hinge domain or an antibody Fc domain, in accordance 
herewith, one would first prepare a recombinant vector 
capable of expressing a protein :Fc -hinge or protein :Fc 
domain fusion protein in a gram-negative host, as 

10 described hereinabove. One would then insert the 

recombinant- vector into a gram-negative bacterium and 
culture the bacterium under conditions effective to allow 
the expression of the fusion protein. Following this, 
one may then proceed to isolate the fusion protein so 

15 produced,- for example, using the methods of the present 
invention . 

The above method is proposed for use in the 
generation of a series of therapeutic compounds with 

20 improved biological stability. Such compotinds include, 
for example, interleukin-2, insulin, interleukin-4 and 
interferon gamma, or even TCR V^. The recombinant Fc 
domains of this invention are also contemplated to be of 
use in stabilizing a wide range of dirugs, which would 

25 likely alleviate the need for their repeated 

administration. However, the present methods are not 
limited solely to the production of proteins for human 
administration, and may be employed to produce large 
quantities of any protein with increased stability, such 

30 as may be used in, for example, in immunization 

protocols, in animal treatment by veterinarians, or 
rodent in vivo therapy models. 

Several mutant Fc-hinge domains have been generated 
35 by the inventors and are herein shown to have 

dramatically reduced in vivo half lives in comparison to 
native domains. The present invention therefore further 



wo 93/22332 PCr/US93/03895 

-25- 

encompasses methods by which to produce antibodies or 
proteins with decreased biological half lives. These 
methods include, firstly,, coupling a protein or an 
antibody variable domain to a reduced half life mutant 
5 domain of the present invention, as described above. To 
produce such antibodies or proteins one would prepare a 
recombinant vector capable of expressing the desired 
fusion or mutated protein, insert the vector into a gram- 
negative bacterium, culture it to allow expression and 
10 isolate the antibody or protein so produced. These 
techniques are applicable to any antibody or protein 
which one desires to have a decreased biological half 
life, including imaging antibodies and immunotoxins , 

15 Another method of the invention, particularly suited 

to producing antibodies with decreased biological half 
lives, is to simply modify a given antibody at one of the 
catabolizing-controlling residues disclosed herein. This 
may be achieved chemically, or preferably, by site- 

20 directed mutagenesis and recombinant production using any 
known production method. The resultant modified antibody 
may be assayed for SpA binding as a preliminary screen. 
Antibodies engineered in this manner may be single 
antibodies, domains. Fab fragments, or antibody 

25 conjugates such as immunotoxins and antibodies used for 
diagnostic imaging regimens. 



Also contemplated within the scope of the invention 
are recombinant immunoglobulin- like domain products, such 

30 as variable or constant antibody domains; antibodies, 
antibody constructs, antibody domains or immunotoxins 
with reduced half lives; T cell receptor domains; or 
domains from MHC molecules or cell signalling molecules 
such as CD2, CD4, CDS, CD3, N-CAM or Ng-CAM, or PDGF 

35 receptor domains, or fragments thereof. In preferred 
embodiments, these will include TCR variable domain 
products, such as single chain heterodimers comprising 
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the variable domains V^, and V5; antibody constant 
domain products, such as Pc -hinge, Fc, CH2:-hinge and CH3 
domains; and antibody Fc-hinge domains engineered to have 
reduced in vivo half lives, such as, for example, the 
5 domains of Table II, and particularly those termed 1-253, 
HQ-310 and HQ-310/HN-433 . It will be appreciated that 
modification and changes may be made in the composition 
of these domains, for example by altering the underlying 
DNA, and still obtain a molecule having like or otherwise 
10 desirable characteristics. As such, biological 

functional equivalents of these immunoglobulin- like 
domains and mutants are also included within the scope of 
the present invention. 

15 In" general, certain amino acids may be substituted 

for other amino acids in a protein structure without 
appreciable loss of interactive binding capacity with 
structures such as, for example, antigen-binding regions 
of antibodies or receptor sites. Since it is the 
interactive capacity and nature of a protein that defines 
that protein's biological functional activity, certain 
amino acid sequence substitutions can be made in a 
protein sequence (or, of course, its underlying DNA 
coding sequence) and nevertheless obtain a protein with 
like or even coxmtervailing properties (e.g., 
antagonistic v. agonistic) . It is thus contemplated by 
the inventor that various changes ^ may be made in the 
coding sequences of immunoglobulin-like domains without 
appreciable loss of the . biological utility or activity of 
30 the encoded protein. It may even be possible to change 
particular residues in such domains to enhance their 
biological utility or to increase their interactive 
capability, for example, by increasing the binding 
affinity of TCR variable domains for cognate peptide MHC 
35 complex. 
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In making such changes, the hydropathic index of 
amino acids may be considered. The importance of the 
hydropathic amino acid index in conferring interactive 
biologic function on a protein is generally understood in 
5 the art (Kyte & Doolittle, 1982) . It is known that 
certain amino acids may be substituted for other amino 
acids having a similar hydropathic index or score and 
still retain a similar biological activity. Each amino 
acid has been assigned a hydropathic index on the basis 
of its hydrophobicity and charge characteristics, these 
are: isoleucine (+4.5); valine (+4.2); leucine (+3.8); 
phenylalanine (+2.8); cysteine/cystine (+2.5); methionine 
(+1.9); alanine (+1.8); glycine (-0.4); threonine (-0.7); 
serine (-0.8); tryptophan (-0.9); tyrosine (-1.3); 
proline (-1.6); histidine (-3.2); glutamate (-3.5); 
glut amine (-3.5); aspartate (-3.5); asparagine (-3.5); 
lysine (-3.9); and arginine (-4.5). 
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It is believed that the relative hydropathic 
character of the amino acid may play a role in 
determining the secondary structure of the resultant 
protein, which in turn defines the interaction of the 
protein with other molecules, for example, other 
components of the immune system such as receptors, 
antibodies and antigens; or other enzymes, substrates, 
and the like. It is known in the art that an amino acid 
may be substituted by another amino acid having a similar 
hydropathic index and"~still obtain a biological 
functionally equivalent protein. In such changes, the 
substitution of amino acids whose hydropathic indices are 
within ±2 is preferred, those which are within ±1 are 
particularly preferred, and those within ±0.5 are even 
more particularly preferred. It is also conceivable .that 
it may be possible to increase the binding affinity of 
immunoglobulin -like domains by changing an amino acid to 
another which is quite different in hydrophobicity. This 
may not have an adverse effect on the structure of the 
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protein, particularly where variable domains are 
concerned, since the most interactive residueis are 
believed to be located in more exposed hypervariable 
loops. 

5 

Sxibstitution of like amino acids can also be made on 
the basis of hydrophilicity, particularly where the 
biological functional equivalent protein or peptide 
thereby created is intended for use in immunological 

10 embodiments, as in the present case. U.S. Patent 

4,554^101, incorporated herein by reference, states that 
the greatest local average hydrophilicity of a protein, 
as governed by the hydrophilicity of its adjacent amino 
acids, correlates with its immunogenicity and 

15 antigenicity, i . e . ^ with a biological property of the 
protein. 

As detailed in U.S. Patent 4,554,101, the following 
hydrophilicity values have been assigned to amino acid 

20 residues: arginine (+3.0); lysine (+3.0); aspartate (+3.0 
+ l)f glutamate (+3.0 ± 1); serine (+0.3); asparagine 
(+0.2); glutamine (+0.2); glycine (0); proline (-0.5 
± 1) ; threonine (-0.4); alanine (-0.5); hist idine (-0.5); 
cysteine (-1.0); methionine (-1.3); valine (-1.5); 

25 leucine (-1.8); isoleucine (-1.8) ; tyrosine (-2.3); 
phenylalanine (-2.5); tryptophan (-3.4). It is 
understood that an amino acid can be substituted for 
another having a similar hydrophilicity value and still, 
although not always^ obtain a biologically equivalent, 

30 and in particular, an immunologically equivalent protein. 
In ^uch changes, the sxibstitution of amino acids whose 
hydrophilicity values are within ±2 is preferred, those 
which are within ±1 are particularly preferred, and those 
within ±0.5 are even more particularly preferred. 

35 

Amino acid substitutions are generally therefore 
based on the relative similarity of the amino acid side- 
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chain substituents, for example, their hydrophobicity, 
hydrophilicity, charge, size, and the like. Exemplary 
substitutions which take various of the foregoing 
characteristics into consideration are well known to 
5 those of skill in the art and include : arginine and 
lysine; glutamate and aspartate; serine and threonine; 
glutamine and asparagine; and valine, leucine and 
isoleucine, 

10 While discussion has focused on functionally 

equivalent polypeptides arising from amino acid changes, 
it will be appreciated that these changes may be effected 
by alteration of the encoding DNA; taking into 
consideration also that the genetic code is degenerate 
15 and that two or more codons may code for the same amino 
acid. 

As illustrated herein, transformed E. coli host 
cells will provide particularly good yields of 
immunoglobulin-like domains. The yields obtained are in 
the order of about 1-2 mg/L for V^; 0,1-0.2 mg/L for V^; 

0,5-1 mg/L for the single chain V^V^ heterodimer; 2 mg/L 

for CH3; 1-1.5 mg/L for CH2- hinge; 1.5-2 mg/L for Fc; and 
0.5-1 mg/L for Fc-hinge. It is contemplated that such 
values may be readily scaled up to produce relatively 
large quantities of these domains in a matter of days, 
employing, for example, a {his) ^ tag for affinity 

purification with the Ni -NTA-agarose . Thus the 
expression system will provide a ready supply of 
immunoglobulin- like domain proteins which may be obtained 
in a relatively cost-effective manner. 

The present invention shows that scTCR (from and 
V^) derived from the 1934.4 T-cell hybridoma (Wraith et 

35 al . , 1989) is secreted into the periplasm and may be 

purified in yields of approximately 0.5-1 mg/L culture 
using Ni^"^ -NTA-agarose . Figure 10 shows an SDS 
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polyacrylainicle gel analysis of the purification of this 
protein- For the scTCR in particular, lower growth and 
induction temperatures of 25-3 0°C resulted in higher 
expression yields. Even higher expression may be 
5 achieved with modifications to growth medium and 

temperature, as recognized by those of skill in the art. 
For example, lower growth and induction temperatures were 
found to enhance expression of other recombinant proteins 
in E. coli (Takagi et al., 1988), 

10 

Purification of immunoglobulin-like domains, such as 
TCR variable domains, native antibody constant domains, 
or Fc -hinge domains with reduced half lives, may be 
achieved in many ways, including chromatography, density 
15 gradient centrif ugation and electrophoretic methods . A 
particular example of scTCR purification employs an 
affinity column, made by linking the monoclonal antibody 
KJ1& (specific for murine V^8: Kappler et al., 1988) to 

sepharose. For the 1934.4 derived scTCR, purification 
20 with this affinity column indicated that the epitope 

recognized by this monoclonal antibody is in the correct 
conformational state in the recombinant scTCR. 

The present invention facilitates the large scale 
25 production of immunoglobulin-like domains, including 

those derived from human sources, which may be employed 
in a wide variety of embodiments. These include, their 
use in in vitro mutagenesis studies and in high 
resolution structural analyses, such as NMR and X-ray 
30 crystallography. Fc -hinge and Fc domain analyses have 

allowed the region involved in antibody catabolism to be 
delineated, showing that residues ile 253, his 310, gin 
311, his 433 and asn 434 are important. Recombinant V^, 

^j3' single chain V^V^ fragments ,^ domains,, or even 

35 subfragments thereof, may be used for mapping the TCR 
residues which are fxmctionally important in binding 
peptide-MHC complexes. Residues of recombinant TCR 
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fragments may be altered, prior to expression as soliible 
proteins as disclosed herein, or on the surface of 
bacteriophage (McCafferty et al,, 1990), and mutants 
binding with higher affinity to peptide-MHC complexes may 
5 be screened, or selected for, using solid surfaces coated 
with antigen presenting cells and cognate peptide. Such 
higher affinity mutants would have a large number of 
applications, for example, in therapy of autoimmune 
disease as blocking reagents. Linking the engineered 
10 mutants to native Fc or Fc-hinge domains would have the 
further advantage of extending the in vivo half lives of 
the TCR Vqj, domains, thus generating blocking reagents 
that are stable in vivo. 



15 Any of the immunoglobulin- like domains of the 

present invention may also be used in immunization 
protocols for the generation of anti-clonotypic 
antibodies, useful, for example, in passive immunization 
for the treatment of disease. As an example, TCRs 

20 expressed on the surface of leukemic T-cells could be 

expressed as soluble domains and used in immunization to 
generate anti-TCR antibodies. Such antibodies could be 
used as targeting reagents in the therapy of T-cell 
leukemias. It is also envisioned that soluble TCRs, as 

25 derived from pathogenic T cells, may be used in 

vaccination to generate a specific anti-TCR response in 
vivo for the therapy of autoimmune diseases in a similar 
way to that reported using peptides derived from TCR 
V-regions (Vandenbark, et al., 1989; Howell, et al., 

30 1989; Offner, et al., 1991). 

U.S. Patent 4,554,101 (Hopp, incorporated herein by 
reference) also teaches the identification and 
preparation of epitopes from primary amino acid sequences 
35 on the basis of hydrophilicity . Through the methods 

disclosed in Hopp, one of skill in the art would be able 
to identify epitopes from within an amino acid sequence, 
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such as, e.g., a sequence from a TCR molecule associated 
with a leukemic or pathogenic T cell. They would then be 
able to produce domains incorporating the most antigenic 
regions by means of the advantageous methods of the 
5 present invention. 

In addition to employing T cell receptor technology 
in relation to T cell mediated autoimmune diseases and T 
cell leukemias, the large scale production of 

10 immunoglobulin Fc-hinge or Fc domains linked to other 

proteins or drugs also has potential for immunotherapy. 
In certain embodiments, chimaeric proteins or drugs may 
be produced which have the advantage of prolonged half 
lives and, since aglycosylated Fc has very low binding 

15 affinity for Fc receptors, they would not bind to the 

large number of immune cells that bear these receptors . 
This is a significant advantage since it reduces non- 
specific binding. Such Fc fragments will also not fix 
complement and, importantly, this would likely reduce the 

20 occurrence of local inflammatory reactions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1. Strategy used for construction of 
25 plasmids for expression and purification of single and 

domains and scTCR V^V^ fragments. 

Figure 2* Expression analysis of V^^ and domains 
tagged with carboxy terminal c-myc peptides by western 

30 blotting {using the 9E10 monoclonal antibody which 

recocpnizes the c-myc epitope) of culture supernatants 
electrophoresed) on a 15% SDS polyacrylamide gel. E, 
coll recombinants harboring the following plasmids were 
analyzed^ lane 1, V^ppelBta.gl*r lane 2, V/?pelBtagl, and 

35 lane 3, V^pelBtagl. The mobilities of molecular weight 
size standards, run on an equivalent gel stained with 
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Coomassie brilliant blue rather than transferred onto 
nitrocellulose, are indicated in kDa on the right margin, 

Figure 3 , Construction of plasmids for expression 
of the domain (V^jpelBtagl) , domain (V^pelBtagl) and 
co-expression of the two domains {Y^V^pelBtagl) . 
H=HindIII, N=2^coI, B=SstI and E=EcoRI. Filled in 
box=pelB leader, stippled box=V^ gene, striped box= five 
3' codons of VH gene in pSWI-VH-poly- tagl plus tagl (c- 
myc) codons, open box = gene and open circle =lacZ 
promoter. 



Figure 4 . Strategy for the construction of 
scV^V^elBHis ver.2. The pelB leader is represented by a 

15 stippled box, the and domains by open boxes, the 
single chain (sc) linker peptide by vertical lines and 
the (his) 5' tag by -a hatched box. The lacZ promoter is 
represented by an open circle. Oligonucleotides A and B 
are set forth in Example 1. PGR with oligonucleotide B 

20 results in the deletion of two codons between the 3' end 
of and the 5' end of the (gly4ser)3 linker peptide. 

Figure 5. Nucleic acid (seq id no:l) and derived 
amino acid sequence (seq id no: 2) of TCR gene with the 
25 (Ms) 6 tag. . - 

Figure 6. Nucleic acid (seq id no: 3) and derived 
amino acid sequence (seq id no: 4) of TCR gene with the 
(2iis)g tag. 

30 

Figure 7. Nucleic acid (seq id no: 5) and derived 
amino acid sequence (seq id no: 6) of scV^V^ with the 
{his) g tag. 

35 Figure 8. Schematic representation of the plasmid 

construct for scTCR. 
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Figure 9. Nucleic acid (seq id no: 7) and derived 
amino acid sequence (seq id no: 8) of scV^V^pelBhis ver. 2, 

Figure 10. SDS PAGE analysis of the purified single 
5 domains (lanes 2-7) and scTCR (lanes 8-10). Lane 1: 
molecular weight markers (with sizes shown on the left 
margin in kDa; lane 2, osmotic shock fraction of E. coli 
harboring V^pelBMs; lane 3, flow through from V^pelBhls 
osmotic shock fraction after passage through M^"'"-NTA 
10 agarose column: lane 4, purified v^^ domain; lanes 5-7, 
same as lanes 2-4 respectively^ except that E. coli 
harbors Y^elBhis; lanes 8-10, same as lanes 2-4, 
respectively except that coli harbors scV^V ^pelBhi s . 

15 Figure 11. Circular dichroism spectra for the 

recombinant TCR proteins. Panel A: spectrum for the V 

• . . Of 

domain is represented by a solid line; by a broken 
line; and scTCR by a dashed and dotted line. Panel B: 
spectrum for the D1.3 scFv fragment. All spectra were 
20 smoothed and baseline corrected. 

Figure 12. Schematic representation of portions of 
the plasmids used for the e^^ression and secretion of 
immunoglobulin constant region fragments in coli. a) 

25 CH3 domain; b) CH2-hinge; c) Fc fragment and d) Fc-hinge 
fragments. The lacz promoter is represented by open 
circles, the pelB leader by hatched boxes, the 
immxinoglobulin domains [hinge region (H) and CH2, CH3 
domains] by open boxes and the hisg peptide tag (his) by 

30 filled-in boxes. 

Figure 13. SDS polyacrylamide gel (15%) analyses of 
purified recombinant proteins, using reducing (panel A) 
and non- reducing conditions (panel. B) . Panel A: lane 1, 
3S molecular weight standards; lane 2, CH3 fragment; lane 3, 
CH2 -hinge fragment; lane 4, CH2 -hinge fragment following 
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dimerization with Ellman's reagent; lane 5, Fc fragment; 
lane 6, Fc-hinge fragment, lane 7, molecular weight 
standards, within the sizes shown in kilodaltons on the 
right margin. Panel B: as in panel A, but run under non- 
5 reducing conditions. 

Figure 14. Clearance curves for, A)' recombinant 
[CH2-hinge]2 and, B) glycosylated IgGl molecule. The 
curves are biphasic with a rapid or phase (representing 

10 equilibration of the injected protein between the intra- 
and extra vascular space; the a phase of the proteins are 
in part determined by the size) and a longer /3 phase 
(representing the catabolism of the protein in the intra- 
vascular space) . The half life of the 0 phases of the 

15 fragments are given in Table I and these represent the 
biological half -lives of the proteins. 

Figure 15. Expression of Fc-hinge fragments and 
mutants . 

20 

Panel A. Vector used for the expression of Fc-hinge 
fragments and mutants. The lacz promoter is represented 
by the open circle; the PelB+pelB leader sequence is 
represented by the hatched box; the Fc-hinge fragment 

25 (with no mutations or mutations at positions shown) is 
represented by the open box; the hisg peptide tag is 
represented by the filled in box. The numbers (ED 
numbering) of the N and C terminal amino acids of the 
recombinant Fc-hinge fragment are shown. The mutants, 

30 based on the EU numbering of Edelman et al . (1969) , are 
as follows: (i) 1-253, a single mutant, ile 253 to ala 
253; (ii) HQ-310, a double mutant, his 310 to ala 310 and 
gin 311 to asn 311; (iii) HN-433, a double mutant, his 
433 to ala 433 and asn 434 to gin 434. A 'tetra-mutant' , 

35 HQ-310/HN-433, has also been created which has HQ-310 and 
HN-433 within the same Fc-hinge fragment, i.e., it 
contains four individual mutations . These details are 
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also summarized in Table II. Amino acid numbers are as 
in Kabat et al. (1991) . 

Panel B . 15% SDS polyacrylamide gel analyses of 
5 wild type and mutant Fc-hinge fragments, using non- 
reducing and reducing conditions. Lane 1, wild type; 
lane 2, 1-253; lane 3, HQ-310; lane 4, HN-433; lane 5, 
HQ-310/HN-433 . Sizes of molecular weight standards are 
shown in kilodaltons on the right margin. 

10 

Figure 16, Clearance curves of wild type Fc-hinge 
and mutants. The curves are biphasic with an a phase and 
a j8 phase. The methods of this study are described in 
Example 7. The quantitative values for. these 
15 pharmacokinetic parameters are given in Table III. 

Figure 17. SpA binding activity of the mutant Fc- 
hinge fragments relative to wild type. The percentage of 
inhibition is expressed as the amount of bound labelled 
20 wild type Fc-hinge fragment in the presence of unlabelled 
mutant or wild type Fc-hinge fragment relative to the 
amount bound in the absence of unlabelled mutant or wild 
type Fc-hinge fragment . 

25 DETAILED DESCRIPTION^ OF PREFERRED EMBODIMENTS 



A greater understanding of the mechanisms that are 
involved in regulating antibodies may lead to the 
development of new immunptherapeutic agents. In 
particular, knowledge concerning the mechanisms for 
stabilizing immunoglobulin molecules in vivo and 
controlling their, catabolism would likely allow the 
generation of novel agents with modified in vivo half 
lives. This includes both the creation of therapeutic 
agents that are long-lived * in vivo and the generation of 
molecules with reduced half lives, such as would be 
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useful in the case of an antibody administered for 
imaging purposes or even a less toxic immunotoxin. 



The present invention concerns the cloning and 
expression of immunoglobulin- like domains and engineered 
and mutant domains in gram-negative bacterial host cells. 
Advantages of the production of immunoglobulin -like 
domains in, for example, E. coll compared with mammalian 
cells include the following: (1) E. coli (and other 
prokaryotic hosts) grow much faster, allowing the results 
of genetic manipulation of immunoglobulin fragments to be 
analyzed more quickly; (2) use of E, coli is considerably 
cheaper than mammalian hosts; (3) production of 
individual immunoglobulin -like domains in mammalian hosts 
has not been reported. In regard to the generation of 
anti-idiotypic antibodies, particularly against TCR - 
variable domains, this latter,, point is particularly 
significant; (4) the small size of single variable 
domains (V^, Vg, and Vj) renders these fragments 
amenable to structural analyses using NMR. 

Disclosed herein are recombinant vectors encoding 
immunoglobulin -like domains and portions thereof, such as 
T-cell receptor variable domains, antibody Fc fragments 
25 and subfragments and Fc-hinge domains with reduced in 

vivo half lives. Methods of producing large quantities 
of, for example, T-cell receptor domains with native j3- 
pleated sheet structures, and immunoglobulin Fc and Fc- 
hinge domains, which have the same in vivo stability as 
30 intact antibodies, are described, as are methods for 
producing antibodies and other molecules with reduced 
half lives. These DNA constructs and protein domains are 
envisioned to be of various uses, such as in the 
production of immunotherapeutics or other stable 
35 recombinant proteins, or in the production of constructs, 
such as, e.g., imaging antibodies, with reduced half 
lives . 



10 



15 



20 
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As the invention is exemplified by the production of 
a variety of immimoglobulin-like domains, including 
variable T-cell receptor and domains; antibody Fc- 
hinge, Fc, CH2 -hinge and CH3 domains; and engineered 
5 Fc-hinge domains with reduced in vivo half lives, such 
as, for example, the mutants termed 1-253, HQ-10, HN-433 
and HQ-310/HN-433; it will be understood that other 
immunoglobulin- like domains may be expressed employing 
the methods of the present invention. 



10 

It is recognized that a considerable number of the 
key molecules of the immune system include homologous 
domains, the structure of which have been conserved 
throughout evolution. Such molecules are members of the 

15 immunoglobulin superfamily, which includes, not only 

antibodies and T cell receptors, but also MHC class I and 
II glycoproteins, the CD2, CD4 and CDS cell-cell adhesion 
proteins, some of the polypeptide chains of the CD3 
complex associated with T cell receptors, and various 

20 Fc receptors, all of which contain one or more 
immunoglobulin- like domains. 

Each of these domains is typically about 100 amino 
acids in length and is thought to be folded into the 

25 characteristic sandwich-like structure made of two 

antiparallel fi sheets, usually stabilized by a conserved 
disulfide bond. Many of these molecules are dimers or 
higher oligomers in which immunoglobulin homology units 
of one chain interact with^ those in another. 

30 ' 

Each immxmoglobulin homology unit is usually encoded 
by a separate exon, and its seems likely that the entire 
super gene family evolved from a gene coding a single 
immunoglobulin homology unit similar to that : encoding 
35 Thy-1 or S2-microglobulin, which may have been involved 
in mediating early cell -cell interactions. Since a 
Thy-l-like molecule has been isolated from the brain of 
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squids, it is probable that such a primordial gene arose 
before vertebrates diverged from their invertebrate 
ancestors some 400 million years ago. New family members 
presumably arose by exon and gene duplications, and 
5 similar duplication events probably gave rise to the 

multiple gene segments that encode antibodies and T cell 
receptors . 



Apart from antibodies and the T cell receptor, among 
10 the best characterized proteins which contain 

immunoglobulin- like domains are the MHC molecules and the 
CD4 and CDS glycoproteins. There are two main classes of 
MHC (major histocompatibility complex) molecules, class I 
and II, each consisting of a set of cell-surface 
L5 glycoproteins. Both classes of MHC glycoproteins are 
heterodimers with homologous overall structures, the 
amino- terminal domains of which are thought to be 
specialized for binding antigen -for ^presentation to T 
cells . 

10 

Each class I MHC gene encodes a single transmembrane 
polypeptide chain, termed a, most of which is folded into 
three extracellular, globular domains. Each a chain ±s 
noncovalently associated with a nonglycosylated small " 

15 protein, termed S2-Tnicroglobulin. fi2-microglobulin and 
the 0:3 domain, which are closest to the membrane, are 
both homologous to an immunoglobulin domain, and thus 
both proteins are members of the immunoglobulin 
superfamily. The two amino- terminal domains of the a 

0 chain, which are farthest from the membrane, contain the 
polymorphic (variable) residues that are recognized by T 
cells in transplantation reactions. T cells also 
recognize virally derived peptides bound to Class I 

molecules, and this is particularly important in cellular 
5 immunity. 
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In common with class I MHC molecules, class II MHC 
molecules are heterodimers with two conserved 
immunoglobulin like domains close to the membrane and two 
.polymorphic (variable) amino- terminal domains farthest 
5 from the membrane. In these molecules, however, both 

chains span the membrane. There is strong evidence that 
the polymorphic regions o£ both classes of MHC molecules 
interact with foreign antigen and that it is the complex 
of MHC molecule and foreign antigen that is recognized by 
10 the T cell receptor. 

CD4 and CDS are expressed on the surface of helper 
and cytotoxic T cells, respectively. Both glycoproteins 
are thought to bind to invariant parts of MHC molecules, 
15 CD4 to class II and CDS to class I MHC glycoproteins - 

Other molecules have subsequently been shown to 
include immunoglobulin-like domains. These include, for 
example, the PDGF receptor, the extracellular domain of 

20 which is thought to be folded into five immunoglobulin- 
like domains. An increasing number of cell -surface 
glycoproteins that mediate cell-cell adhesion in 
vertebrates have also been identified as belonging to the 
immunoglobulin superfamily. These include N-CAM, a 

25 large, single-pass transmembrane glycoprotein which is 
expressed on the surface of nerve cells and glial cells 
and mediates Ca^"^- independent cell adhesion. The 

extracellular portion of the N-CAM polypeptide is also 
folded into five immunoglobulin- like domains. The LI 
30 glycoprotein, also known as the neuron-glia cell-adhesion 
molecule, or Ng'-CAMr is also a member of the 
immunoglobulin superfamily. 

Although the immunoglobulin superfamily contains 
35 many members, the present study specifically focused on 
the production of T cell receptor domains and native and 
engineered antibody domains . Turning firstly to T cell 
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receptor domains, the variable domains of a murine T-cell 
receptor (TCR) were expressed in a bacterial host cell, 
allowing the subsequent purification of large quantities 
of protein. The genes encoding the TCR and domains 
5 of T-cell hybridoma 1934.4 (Wraith et al., 1989) were 
isolated using the polymerase chain reaction {Saiki et 
al., 1988) and ligated into expression vectors 
constructed from pUC119 (Viera et al . , 1987). pUC119 
contains a lacZ promoter sequence upstream of the site 
10 into which the and domain genes were ligated. The 
new expression vectors included a pelB leader segment in 
translational frame with the cloned variable domain 
genes . 

15 Modification of these expression vectors, containing 

Vq, and single variable domains, was accomplished by 
cloning a V^g encoding segment 3' to a gene segment and 
incorporating a single chain linker peptide. Bacterial 
hosts transformed with this construct were capable of 

20 expressing single chain heterodimeric TCR V^V^ domains. 

The TCR genes employed were derived from a 
pathogenic CD4"*' T-cell clone associated with induction of 
experimental allergic (autoimmune) encephalomyelitis 
25 (EAE) in the mouse (Wraith et al., 1989) . EAE is a 

prototypic model of T-cell mediated autoimmune disease 
and may be a valuable model for multiple sclerosis in 
humans . 

30 A: T Cell Receptor Variable Domains 

Expression of single and domains 



35 



Va and V^ genes derived from 1934.4 cells were cloned 
into VKNco-poly-tagl to generate V^pelBtagrl (V^, gene ~ 
only) and V^pelBtagl (V^ gene only) and transformed into 
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E. coll host cells. The nucleotide sequences of the 
constructions were confirmed by DNA sequencing prior to 
growing up and inducing E. coli recombinants for 
expression. Culture supernatant s were analyzed by 
5 western blotting which clearly showed that the and VjS 
domains were expressed individually and could be secreted 
into the culture supernatant. The molecular weights, 
from SDS gel analysis, were estimated as 17 kDa (V -tagl) 
and 14.5 kDa (V^-tagl) . For the domain this is 
10 significantly higher than that predicted by amino acid 
analysis, but is similar to the anomalously low gel 
mobilities observed for single antibody VH domains. 

The level of secretion of the domain was 
15 particularly high and was similar to, if not greater 

than, that reported for immunoglobulin FvDl.3 fragment 
expressed and secreted from E. coli (Ward- et a.1., 1989) . 
The level was estimated at 10 mg per liter of culture, by 
comparison with culture supernatants of E. coli _ 
20 recombinants harboring pSWl -VHDl . 3 - VkDl . 3 - tagl using 

western blotting. The relatively high expression level 
of the domain may reflect a propensity of this domain 
to form homodimers. Such homodimer formation could mask 
the hydrophobic residues of the V„ domain which, in a 
25 native TCR, interact with analogous Vj3 residues during 
Voj:V^ pairing, thus increasing the solubility (and 
secretion levels) of the homodimer. 



30 



35 



In contrast to the V^^ domain, the domain was 
secreted into the culture supernatant at levels of about 
0.5-1 mg per liter of culture, although the 
intracellular/periplasmic levels of the V-j domain were 
similar to those of the V^, domain. The Vo protein 
apparently does not fold into a soluble form as readily 
as the domain. It is expected that the amount of 
secreted will be increased by altering the induction 
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conditions. Alternatively, higher levels of soluble VjS 
domain may be obtained by osmotically shocking the 
recombinant E. coli cells, followed by denaturation and 
refolding of the released protein. 

5 

Co-expression of and domains 

As illustrated in Example 2, the and domains 
may be co-expressed and secreted from E. coli 

10 recombinants harboring V^V^pelB tagl . The V^, polypeptide 
was secreted in excess over the domain, indicating 
that at least some of the recombinant TCR protein is not 
heterodimeric . However, domain secretion levels were 
lower when co-expressed with the polypeptide than when 

15 expressed and secreted as a single domain. This may be 

due, for example, to limitations on the amount of protein 
which can be secreted into the E. coli periplasm, i.e., 

secretion may compete with secretion. 
Alternatively, there may be some polarity effects "on the 

20 expression of the domain, which is 3' to the gene ir 
V^ViSpelBtagl. 



One element of the present invention thus 
demonstrates that TCR and polypeptides can be 

25 expressed and secreted from recombinant E.- coli cells as 
either individual domains or co-expressed. The secretion 
system may be employed as a rapid and economically 
favorable alternative to existing methods for, the 
production of TCRs or TCR- immunoglobulin chimeras in 

30 mammalian cell transf ectomas . 

Purification 

For purification, the V^^ and domains were 
35 expressed with carboxy terminal (his) ^ tags. As a 

preferred method of purification, induction conditions 
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were established allowing isolation of the protein from 
the periplasmic space using osmotic shock. The osmotic 
shock fractions were dialyzed against phosphate buffered 
saline overnight at 4°C with 3 changes, and the dialysate 
5 passed through an lTi^"^-NTA- agarose column. 

Alternatively, longer induction times were used and the 
protein purified from the culture supernatant. 
Concentration of the supernatant was then effected by 
concentration under high pressure using an Ami con 
10 filtration unit followed by overnight dialysis against 

PBS and passage through a Ki -NTA- agarose column. Using 

purification from osmotic shock fractions, yields of 1-2 
mg/L Vq, domain and 0.1-0.2 mg/L Vjg were obtained^ 

15 The and domains do not associate when co- 

expressed within the same bacterial cell. To drive the 
association of the two domains, therefore, the domain 

was linked to the domain by a synthetic linker and the 

two domains expressed as a heterodimeric scTCR fragment. 
20 This heterodimer may be expressed with carboxy- terminal 
(iiis)g peptide tags and purified using affinity 

purification on Ni -NTA-agarose columns. The 
purification yields from osmotic shock fractions were 
0.5-1 mg/L culture. 

Structural Analyses 



25 



To assess the folded state of the recombinant TCR 
fragments, CD spectral analyses were carried out on the 

30 fragments and on the Dl,3 single chain Fv fragment. The 
minima in the curves at 218 nm for these proteins 
indicate the presence of a high proportion of )8-pleated 
sheet structure- (Johnson, 1990) . These spectra also 
indicated a lack of or-helical regions, since cK-helical 

35 regions result in minima at -208 nm and 224 nm, and this 
is consistent with the proposed structural models for TCR 
extracellular domains (Novotny et al., 1986; Chothia et 
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al., 1988), and the structure of the crystallographically 
solved D1.3 Fv fragment (Bhat et al., 1990). The maxima 
at approximately 205 nm in the spectra of the domain 
and the Dl,3Fv fragment has previously been associated 
5 with the presence of an abundance of j3-turns. 

Overall and in general terms the invention shows 
that single V^, domains and single chain heterodimeric 
TCRs (scTCRs) derived from an encephalitogenic T cell 

10 hybridoraa may be expressed and purified in yields ranging 
from 0-1-2 milligrams per liter of bacterial culture. In 
addition, structural analysis using CD indicates that the 
recombinant TCR fragments contain a high proportion of 
pleated sheet structures. Although molecular modelling 

15 has indicated that the extracellular domains of TCRs may 
resemble immunoglobulin Fv and Fab fragments in structure 
(Novotny et al., 1986; Chothia et al., 1988), to date 
this has not been demonstrated empirically, 

20 The ability of the V^, domains and heterodimeric 

scTCR to inhibit the binding of the 1934,4 T cell 
hybridoma to cognate peptide -MHC complexes (N- terminal 
residues 1-11 of myelin basic protein associated with the 
MHC class II protein I-A^; Wraith et al . , 1989) is of 

25 particular interest because it would demonstrate 

functional activity of the recombinant proteins. It is 
conceivable, however,^ that soluble TCR fragments are 
ineffective inhibitors of the multivalent, high avidity, 
interaction (Harding and Unanue, 1990) of T cell borne 

30 antigen receptors with peptide-MHC complexes. The 

tripartite interaction of * native' TCR on CD4+ T cells 
with peptide-MHC complexes may be stabilized by contacts 
between CD4 residues and the MHC class II molecule 
(Sleckman et al., 1987: Fleury et al . , 1991). The 

35 absence of this ' co-receptor' in the recombinant TCRs may 
therefore decrease the avidity of the interaction 
further . 
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B: Antibody Constant: Domains 

The features of an irainunoglobuliii molecule that 
determine high stability in vivo were poorly understood 
5 prior to the present invention. Previous studies 

indicate that the CH2 domain may play an important role 
in the control of catabolism of. antibodies, and a recent 
study has also, suggested that sequences in the CHS domain 
may be involved (Ellerson et al., 1976; Mueller at al,, 
10 1990; Pollock et al., 1990) . The presence of 

carbohydrate residues on the CHZ domain appears to have a 
minor if significant effect on the stability, and the 
extent of the effect is dependent on the isotype (Tao &: 
Morrison, 1989) • 

15 

As part of the present work, recombinant CH2 -hinge, 
CHS, Fc and Fc-hinge fragment^, derived from the murine 
IgGl constant region have been expressed and secreted 
from recombinant coll cells. The fragments have been 

20 purified, radiolabeled and used in clearance studies in 
mice. The clearance rates have been compared with those 
of an Fv fragment and a complete glycosylated IgGl 
molecule. The recombinant Fc -hinge fragments have 
stability properties that are very similar to those of 

25 the complete immunoglobulin molecule. In contrast, the 
CH2 -hinge and CH3 fragments are both cleared rapidly and 
in a similar way to the Fv fragment. This indicates that 
sequences in both the CH2 and CH3 region are important 
for in vivo stability, and in addition, that 

3 0 glycosylation only plays a minor role in the control of 
the catabolism of this isotype . 

To accomplish prokaryotic expression, fragments of 
the genes encoding domains derived from the murine IgGl 
35 immunoglobulin molecule 9E10 were ligated into expression 
plasmids, in a similar manner to that described for the T 
cell receptor variable domain fragments, and the ligated 
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DNA was transformed into E. coli. This resulted in the 
expression and secretion of antibody constant domain 
fragments by the recombinant host cells. The recombinant 
proteins were isolated from the periplasm by osmotic 
5 shock followed by affinity purification using Ni'^'*"-NTA- 
agarose, and were purified in yields of 2, 1-1.5, 1.5-2 
and 0.5-1 milligrams per litre of culture for the CH3 
domain, CH2 -hinge fragment, Fc fragment and Fc-hinge 
fragment respectively, 

10 

The CH3 domain, Fc fragment and Fc- hinge fragment 
were all found to be homodimeric proteins. For the Fc 
and CH3 domain, the dimers are non-covalently linked, and 
are presumably stabilized by non-covalent interactions. 
15 For the Fc-hinge dimer, the fragments are covalently 
linked by -S-S- bridges between the hinge region 
cysteines. Approximately 90%- of the CH2 -hinge fragment 
was found to be expressed and purified in a monomeric 
form . 

20 

A particularly important aspect of this study is the 
finding that the immunoglobulin Fc-hinge and Fc 
fragments, purified following expression in E. coli, have 
the same in vivo stability as a native antibody molecule. 
25 This was determined by measuring the clearance rates of 

125 

I -radiolabeled immunoglobulin fragments in vivo as a 
function of time. Results from these studies 
demonstrated that the recombinant aglycosylated Fc-hinge 
or Fc fragments have similar stability in vivo as the 
30 complete glycosylated IgGl molecule. 

The recombinant aglycosylated Fc fragment, with or 
without a hinge region, was found to have a E phase 
similar to that of a complete glycosylated IgGl 
35 immunoglobulin molecule. These results indicate that for 
the murine IgGl isotype the presence of carbohydrate 
residues does not appear to be necessary for in vivo 
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stability, although it may still play a minor role. In 
contrast to the clearance data for the Fc and Fc-hinge 
fragments, both dimeric CH2 -hinge and CHS fragments are 
catabolized as rapidly as antibody Fv fragments. This 
5 indicates that for the murine IgGl isotype, the presence 
of sequences in both the CH2 and CH3 domains are 
necessary for in vivo stability. Previous data obtained 
using protein chemistry suggested that the CH2 domain is 
responsible for in vivo stability (Ellerson et al., 1976) 
10 although a recent study indicated that residues in the 

CH3 domain may also be involved in the catabolism control 
of the murine IgG2a and IgG2b isotypes (Pollock et al-, 
1990) . 

15 The present discoveries relating to stability are 

particularly important as the in vivo stability of 
^glycosylated Fc fragments has not been previously 
assessed (Nose et al. , 1990) . Aglycosylated 
Fc fragments, in comparison with the glycosylated version 

20 (prepared by proteolysis of immunoglobulin produced by . 
mammalian cells) , are known to have reduced binding to 
complement Clq and greatly reduced binding to Fc 
receptors on monocytes (Nose et al., 1990; Leatherbarrow 
et al.r 1985; Nose & Wigzell, 1983) . However, these 

25 advantageous properties would be of little significance 

if the aglycosylated molecules were found to be unstable. 
The inventors have been able, for the first time, to 
express aglycosylated Fc fragments which proved to be 
stable in vivo. 

30 

The production of the IgGl Fc-hinge or Fc fragment 
in E, coli has allowed the important residues of this 
region involved in controlling antibody stability and 
catabolism in vivo to be elucidated. These results are 
35 described in Example 7. Furthermore, following the 

present invention, human Fc domains may now be produced 
in E. coli, allowing further detailed studies of the 
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human protein. Additionally, the bacterial secretion of 
Fc or Fc-hinge domains, or Fc or Fc-hinge domain: fusion 
proteins, whether of murine or human origin, is 
envisioned to provide a convenient, economically 
5 attractive and rapid route for the production of novel 
stabilized proteins. 

Following structural analyses, smaller regions of 
the Fc structure may be employed in protein chimeras, or 

10 fusion proteins, to produce biologically stable 

therapeutic agents. This is particularly useful for the 
production of therapeutic agents which cannot be obtained 
from other expression systems, such as mammalian cells, 
due to proteolysis. As such, the Fc-hinge or Fc domains 

15 of the present invention, or portions thereof, are 

proposed to be useful modules for both the tagging and 
stabilization of recombinant molecules, including 
chimeric proteins of therapeutic use, 

20 C: Engineered Antibody Doxoains with Reduced In Vivo 

Half Lives 

"The mechanisms involved in regulating the in vivo 
catabolism of IgG molecules are currently not well 

25 understood, although the Fc region is believed to contain 
sequences that are important for serum persistence of IgG 
(Spiegelberg & Weigle, 1965) . As described herein and by 
Pollock et al. (1990), the CH2 domain and, to a lesser 
extent, the CH3 domain, have been shown to influence 

3 0 biological half life of IgGs. 

It has been observed that Staphylococcal protein A 
(SpA)-IgG complexes are cleared more rapidly from serum 
than uncomplexed IgG molecules (Dima et al., 1983) . 
35 Results ..from X-ray crystallography studies have indicated 
that residues in the Fc-hinge region are involved in SpA 
binding (Deisenhof er , 1981) . These distinct lines of 
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inf ormation prompted the present inventors to mutate 
residues at the CH2-CH3 domain interface of the (above- 
described) recombinant Fc-hinge fragment derived from the 
murine IgGl molecule and to investigate the catabolism of 
5 the resultant mutants. 

Using this approach, several amino acid residues of 
the CH2 domain (Ile-235 and His-310-Gln-311) and of the 
CH3 domain (His-433-Ala-434) were changed by in vitro 

10 mutagenesis. The mutant proteins were then purified from 
recombinant B. coli cells and the pharmacokinetic 
parameters measured in mice. The results from such 
studies demonstrate that arnino acid residues from the CH2 
domain, and to a lesser extent those from the CH3 domain, 

15 are directly involved in the catabolism of mouse IgGl. 
Thus , the site of the IgGl molecule that controls 
catabolism is located at the CH2-CH3 domain interface and 
is distinct from the lower hinge region that is involved 
in binding to Fc receptors' (Duncan et al., 1988; Lund et 

20 al., 1991). The identification of specific amino acid 

residues that are involved in catabolism control supports 
the hypothesis that receptor bearing cells may be 
important in regulating serum IgG levels (Brambell et 
al. , 1964) . 



25 



30 



The inventors have termed the specific residues of 
the murine IgGl molecule that they discovered to be 
involved in controlling the catabolism of this isotype 
the ^catabolic control site' . This region is distinct 
from the sites of interaction with Fc receptors but 
overlaps with the SpA binding site. This is, therefore, 
consistent with earlier data that showed that SpA- 
imraunoglobulin complexes were cleared more rapidly than 
uncomplexed immimoglobulins (Dima et al., 1983). This 
35 data does not rule out the involvement of additional 

residues of the Fc fragment in catabolism- 'control, but it 
does provide a clear means by which the biological half 
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life of an antibody or antibody-based molecule or 
conjugate may be shortened. It also provides a means by 
which the longevity of a particular antibody may be 
increased if desired, by re-inserting residues such as 
5 ile 253, his 310, gin 311, his 433 and asn 434, should 
any such residues be found to be mutated in a particular 
antibody. 

Although the mechanisms involved in the catabolism 
10 of IgG molecules have still to be completely elucidated, 
the data presented herein support the concept that SpA- 
like ^protective' receptors bind to the CH2-CH3 domain 
interface on IgGs and protect them from degradation. The 
engineered Fc-hinge fragments which form these aspects of 
15 the present invention are envisioned to be useful 

reagents in a variety of embodiments. For example, they 
may be employed in the isolation the putative receptor 
and in further delineating the sites and mechanism of IgG 
catabolism. 

20 

An improved understanding of IgG breakdown 
mechanisms, as represented by the discoveries of the 
present invention, would also likely be of use in the 
design of therapeutic molecules with specified 

25 pharmacokinetic properties. The inventors contemplate 
that antibody molecules with reduced half lives may now 
be designed and constructed. These may be used, for 
example, in antibody-based imaging regimens, in antibody 
binding and removal of pathogens, toxins or drugs, and in 

30 second or third generation immunotoxins with reduced 

binding to normal tissues and hence reduced side effects, 

D: Imaging Agents and Immunotoxins 

35 The present invention provides methods for creating 

recombinant molecules, such as antibody constructs, with 
decreased in vivo half lives. This is contemplated to be 
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particularly beneficial for use with imaging antibodies, 
and even with immunotoxins . As such^ recombinant 
molecules may be designed which are more quickly removed 
from circulation after exerting their desired action. 
5 Currently, imaging technology does not employ whole 

antibodies which do not result in precise enough images. 
Rather, bispecific Fab fragments are used which are often 
difficult to synthesize. Methods for the engineering of 
antibodies which are cleared from the body more rapidly, 
10 as disclosed herein, therefore represent a significant 
advance in this area. 

In general, to generate an antibody or antibody 
construct with a reduced half -life, one would preferably 
incorporate one or more of the catabolism controlling 
mutations described herein into the antibody portion of 
the molecule, with. mutations at ile 253, his 310 and gin 
311, being preferred, and multiple mutants being even 
more preferred. Alternatively, one could also fuse one 
of the mutant Fc-hinge domains disclosed herein tcT'any 
desired variable domain or domains. Imaging and 
immiinotoxin technologies are generally known to those of 
skill in the art and may be advantageously combined with 
the teachings of the present invention, 

An tiJbodi es _ ~ 

Antibodies or antibody fragments {e.g.. Fab',. Fab or 
F (ab')2) ^^re currently . used in human diagnosis therapy . 
30 Monoclonal antibodies are often employed, which may be of 
human, murine, monkey, rat, hamster, chicken or even 
rabbit origin. "Humanized" antibodies are also used as 
are chimeric antibodies from mouse, rat, or other 
species, bearing human constant and/or variable region 
35 domains, single domain antibodies (e.g.^ DABs), Fv 

domains, bispecific antibodies, as well as recombinant 
antibodies and fragments thereof , Due to the ease of 



15 



20 



25 
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preparation and ready availability of reagents, murine 
monoclonal antibodies are contemplated to be preferable 
as starting material to engineer a reduced half life 
antibody in accordance with the present invention. 

5 

There is a very broad array of antibodies known in 
the art that have immunological specificity for tumors, 
as a vast number of tumor associated antigens have been 
identified. Methods for the development of antibodies 

10 that are "custom-tailored" to the patient's tumor are 

likewise known. Any antibody of sufficient selectivity, 
specificity and affinity may be employed as the basis for 
an antibody conjugate. Such properties may be evaluated 
using conventional immunological screening methodology 

15 known to those of skill in the art. 

Imaging Antibody Constructs 

Antibody-based molecules are often used as 
20 diagnostic agents in which antibody- imaging constructs 
are created which have the ability to provide an image 
of, for example, tumors and tumor vasculature, through 
magnetic resonance imaging, X-ray imaging, computerized 
emission tomography and such technologies. In antibody- 
25 imaging constructs, the antibody portion used is 

generally directed against the tumor or a specific marker 
thereof, or against tumor vasculature, and the imaging 
agent is an agent detectable upon imaging, such as a 
paramagnetic, radioactive or fluorogenic agent. Many 
30 such imaging agents are known in the art, as are methods 
for their attachment to antibodies (see, e.g., U.S. 
patents 5,021,236 and 4,472,509, both incorporated herein 
by reference) . 

35 In the case of paramagnetic ions, one might mention 

by way o£ example ions such as chromium (III) , manganese 
(II), iron (III), iron (II), cobalt (II), nickel (II), 
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copper (II), neodymium (III), samarium (III) , ytterbium 
(III), gadolinium (III), vanadium (II), terbium (III), 
dysprosium (III) , holmium (III) and erbium (III) , with 
gadolinium being particularly preferred. Ions useful in 
other contexts, such as X-ray imaging, include but are 
not limited to lanthanum (III), gold (III), lead (II), 
and especially bismuth (III) . Moreover, in the case of 
radioactive isotopes for therapeutic and/or diagnostic 
application, one might mention iodine^^^, iodine , 
technicium^^, indium^^^ rhenium^^^, rhenium^^^, galium*^'^, 
copper^*^, yttrium^^, iodine^^^, or astatine^^^. 

Imwxiaotoxins 

Immunotoxin technology is fairly well -advanced and 
known to those of skill in the art of antibody research. 
Immuiiotoxins are agents which have an antibody component 
linked to another agent, particularly a cytotoxic or 
otherwise anticellular agent, having the ability to kill 
or suppress the growth or cell division of cells. 
Exemplary anticellular agents include chemotherapeutic 
agents, radioisotopes as well as cytotoxins. Example of 
chemotherapeutic agents are hormones such as steroids; 
antimetabolites such as cytosine arabinoside, 
f luorouracil , methotrexate or aminopterin; anthracycline; 
mitomycin C; vinca alkaloids; demecolcine; etoposide; 
mithramycin; or antitumor alkylating agents such as 
chlorambucil or melphalan. 

Preferred immunotoxiris often include a plant-, 
fungal- or bacterial-derived toxin, such as an A chain 
toxin, a ribosome inactivating protein, a-sarcin, 
aspergillin, restirictocin, a ribonuclease, diphtheria 
toxin or pseudomonas exotoxin, to mention just a few 
examples. The use of toxin-antibody constructs is well 
known in the art of immunotoxins , as is their attachment 
to antibodies. Of these, a particularly preferred toxin 
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for attachment to antibodies will be a deglycosylated 
ricin A chain. Deglycosylated ricin A chain (dgA) is 
preferred because of its extreme potency, longer half- 
life, and because it is economically feasible to 
5 manufacture it a clinical grade and scale (available 
commercially from Inland Laboratories, Austin, Tx.) 
Truncated ricin A chain, from which the 30 N- terminal 
amino acids have been removed by Nagarase (Sigma) , may 
also be employed. 

10 

The preparation of immunotoxins is generally well 
known in the art (see, e.g., U.S. Patent 4,340,535, 
incorporated herein by reference) . Numerous types of 
disulf ide-bond containing linkers are known which can 

15 successfully be employed to conjugate toxin moieties to 
antibodies, however, certain linkers are generally 
preferred, such as, for example, sterically hindered 
disulphide bond linkers are preferred due to their 
greater stability in vivo, thus preventing release of the 

20 toxin moiety prior to binding at the site of action. A 
particularly preferred cross-linking reagent is SMPT, 
although other linkers such as SATA, SPDP and 2- 
iminothiolane may also be employed. Blue-Sepharose, a 
column matrix composed of Cibacron Blue 3GA and agarose, 

25 may be used to purify immunoconjugates , which may then be 
formulated into a suitable pharmaceutical composition, 
such as described in Remington's Pharmaceutical Sciences, 
16th Ed. Mack Publishing Company, 1980, incorporated 
herein by reference. 

30 

The following examples are intended to illustrate 
the practice of the present invention and are not 
intended to be limiting. As the invention is 
demonstrated with a variety of immunoglobulin- like 
35 domains, including variable murine T-cell and 
domains; antibody Fc-hinge, Fc, CH2 -hinge and CH3 
domains; and mutant domains with reduced stability; it 
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will be understood that other domains will be adaptable 
to similar constructs as those described hereinabove. 
Likewise, a variety of tags, linker sequences and leader 
sequences may be employed depending on the particular 
5 purification or isolation methods desired to obtain the 
polypeptide products. 

EXAMPLE 1 

10 The following example illustrates the construction 

of plasmids for expression of the T-cell receptor single 
domains, and and the single chain V^V^ constiruct. 
Two types of plasmids are illustrated;, one .with a c-myc 
tag and the other with a {his) ^ tag. Other tags could be 

15 used. 

Bacterial Strains and Plasmids 

£. coli BMH71-18 was used as host, for the cloning 
20 and expression of TCR domains (Riither et al., 1981) . 
Plasmid pSWI-VH-poly- tagl (Ward et al. , 1989) was 
modified by replacing pUC19 with pUC119 CViera et al., 
1987) as the backbone vector. In addition , an i^col 
restriction site was inserted into the pelB leader 
25 sequence using site directed mutagenesis to generate 
VjjJJco-poly-tagl - 

Isolation of and Vg Genes 

3 0 The and genes were isolated from 1934.4 

hybridoma cells (Dr. D. Wraith, Cambridge University, 
Department of Pathology, Immtinology Division, Level 3 
Laboratories Block, Addenbrookes' s Hospital, Hills Road, 
Cambridge CB2 2QQ, UK) using a PGR amplification method. 
35 10^ cells were washed once in sterile PBS, then 

resuspended in 1 ml sterile deionized water and heated at 
100 °C for 5 mins. This results in isolation of genomic 
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DNA. Debris was pelleted by centrifugation for 3 minutes 
at room temperature at 11,000 rpm and 2-10 ^1 of 
supernatant used in a PGR reaction with the following V^, 
or specific primers: 







I: 


5' 


-ATC CTT CCA TGG CCG ACT CAG TGA crr 

J^^TV r*r*r* tvt^o r*rn # 
AtjA Lvjii AAG GT-3 






II: 


5' - 


•AAG GAT GGT GAC CGG TTT ATT GOT rJAH 


10 








TTT GGT TCC-3' 






III: 


5' 


-ATC CTT CCA TGG CCG AGG CTG CAG TGA 
CCC AAA GTC CA-3' 


15 




IV: 


5' 


-AAG GAT GGT GAC CAG AAC AGT CAG TPT GGT 
TCC TGA- 3' 



For each domain, the oligonucleotides encode either an 
i^col or BstEII fragment (underlined) to allow restriction 
20 enzyme digestion of the PCR products, followed by gel 

purification using "Geneclean" {BIO 101, Valley Park, MO 
63088) and ligation as an 7\7coI-JBstEII fragment into 
VRWco-poly- tagri . 

25 PCR conditions were as follows: 

3 units Promega Tag polymerase (Promega, Madison, WI 
53711-5399) 

5 fil lOx Promega reaction buffer 
30 25 pmol of each oligonucleotide primer 

0.2 mM dNTPs 

2-10 fil 1934.4 hybridoma supernatant (crude genomic 
DNA preparation) 
Water to 50 (il 

35 



Cycling conditions were 94<>C for 0,5 min, 55 °C for 0.5 
min, 72 °C for 1 min with Tag polymerase added at the end 
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of the first cycle, that is, at 72 Thirty cycles of 
PGR were conducted and an additional 3 iinits of Taq 
polymerase added after 15 cycles to minimize occurrence 
of PGR errors. Alternatively, less error-prone 
5 polymerases such as Vent™- polymerase (ISTew England 
Biolab&, Beverly, MA 01915-5599) may be used. 

V ^.pelBtaal Plasmid 

10 The tag portion for the plasmid construct used in 

this example is c-myc with the following nucleic acid 
sequence : GAA CAA AAA CTC ATC TCA GA AGA GGA TCT GAAT' 
encoding the following 11-mer: glu gin lys leu ile ser 
glu glu asp leu asn. The polyl inker sequence is: CTG 

15 . GAG TCT AGA GTC GAG 'CTC GAG GGT CACC. 

pSWI-VH-poly-tagl (Ward, et al., 1989) was modified 
by the insertion of a unique Ncol site into the pelB 
leader sequence using site-directed dideoxynucleotide 

20 mutagenesis (Carter, etal., 1985) and the 

oligonucleotide 5' -GGC CAT GGC TGG TTG GG-3^ to generate 
VH Jfco-poly- tagl . The pelB leader sequence was ATG AAA 
- TAG CTA TTG CCT ACQ GGA GCC GCT GGA TTG TTA TTA CTC GCT 
GCC CAA CCA GCG_ATG_GCC. The underlined portion was 

25 converted to CCATGG by mutagenesis. The gene isolated 
and tailored by the PGR was then cloned in translational 
frame as an IfcoI-BstEIl fragment into VH Wco-poly- tagl to 
generate V^pelB tagl as shown in Figure 3 . 
Dideoxynucleotide sequencing was carried. out to confirm 

30 the DNA sequences of the plasmid construction. 

V gpelBtaal Plasmid 

The V^elBtagl plasmid was constructed according to 
35 the procedure for the plasmid except that the gene 
was used in place of V^,. The construct is shown in. 
Figure 3 . 



3 
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VQ.V ^pelB tagl Plasmid 

To construct the V^^elBtagl plasmid, V^pelBtagl was 
modified by replacement of the 5' Hindi II site of pUC119 
5 (Viera and Messing, 1987) with an EcoRI site by ligation 
of oligonucleotide V.5'-AGC TGA ATT C 3' as a duplex into 
Hindlll restricted V^pelBtagl (with the BcoRI site shown 
underlined) . The ligation destroyed the Hindlll site. 
It was then cloned as an EcoRI fragment into BcoRI 
10 restricted V^gpelBtagl, shown in Figure 3, Recombinants 

were analyzed for correct orientation of the gene with 
respect to the V^g gene by restriction enzyme analysis, 
Dideoxynucleotide sequencing was carried out to confirm 
the DNA sequences of the plasmid construction. 

15 

scV^ M pTPelBhis Plasmid 

The and domains do not associate when they are 
co-expressed within the same bacterial cell. To drive 

20 the association of the two domains, therefore, the 

domain was linked to the domain by a synthetic peptide 
-linker and the two domains expressed as a heterodimeric 
scTCR fragment . This heterodimer was expressed with 
carboxy- terminal (his) ^ peptide tags and purified as 

25 herein described for single chain domains. Purification 
yields were 0.5-1.0 mg/L culture. 

The plasmid V^VppeiBinyc2 (Figure 1) was constructed 
in a similar manner to V^pelBmyc or V^V^pelB tagl , except 

30 that the V^elBmyc gene was cloned 3' to the V^pelBmyc 

gene. The plasmid scV^^pelBhis, shown schematically in 
Figure 8 , was constrxicted as indicated in Figure 1 . The 
Vq, gene was ligated 5' to the gene so that in the 
expressed protein the V^, domain was located at the N- 

35 terminus of the V^V^ heterodimer. Since the V^, domain is 
more soluble than the domain and expressed at higher 
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levels^ this orientation of the two domains with respect 
to each other appears to assist in the secretion and 
folding of the scTCR. 

5 The single chain linker, (Gly4Ser)3 (Huston et al. , 

1988) was ligated into BstEIII-P^tl restricted V^dV^pelB 
as the following DFA duplex: 

ACC GGT GGA GGC GGT TCA GG C GGA GGT GGC TCT GGC 

10 GGT GGC 

3 ' G CCA CCT eCG CCA AGT CCG CCT CCA CCG AGA CCG 

CCA CCG 

GGA TCG GAG GCT GCA-3^ 
CCT AGC CTC CG-5' 

15 

where the coding strand is indicated by underlining. 

To construct sc V^V^elBmyc, the resulting Hindlll- 
Pstl fragment (scV^6V^elB) ~ encoding the pelB leader, the 

20 gene, the single chain linker and the 5' end of the 

gene was ligated into Hzndlll-PstI restricted V^elBmyc 
to replace the pelB leader. To insert the {his) ^ peptide 
tag into scV^V^pelBmyc, the plasmid was restricted with 
BstEII and the following duplex ligated into the 

25 construct (Figure 1) : 

5 ' -GTC ACC CAT CAC CAT CAC CAT CAC TAA TAA-3^ 

3'G GTA GTG GTA GTG GTA GTG ATT ATT CAG TG-5' 

30 with the coding strand indicated by underlining. 

Recombinant clones with the correct orientation of 
the (his) 5 tag were identified by PCR screening. 
Ligation of the duplex in the correct orientation into 
35 BstEII cut scV^^elBmyc removed the 3' BstEII site. -In 
addition, the presence of 2 stop codons at the 3' end of 
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the histidine codons prevented readthrough into the 
downstream o-myc tag sequences. Nucleic acid and derived 
amino acid sequences of the single chain TCR with 
attached (his) 5 tag is shown in Figure 7 (seq id nos:5 

5 and 6) . 

Single stranded DNA was purified from extruded phage 
using polyethylene glycol precipitation. Sequencing 
reactions were then carried out using aliquot s of the 

10 single stranded DNA, appropriate oligonucleotide primers 
and Sequenase (USB Corp, Cleveland, OH 44122) as 
polymerase. Random low level incorporation of 
dideoxynucleotides corresponding to each nucleotide 
position in the gene which was being sequenced occurred 

15 by using low levels of chain terminators 

(dideoxynucleotides) in the reaction mixes. The 
extended, prematurely terminated single stranded DNA 
molecules were then analyzed by electrophoresis followed 
by autoradiography with radiolabeled nucleotides included 

20 in the reactions to improve the sensitivity of detection. 

V^pelBhis and V^elBhis were constructed using the 
strategy shown in Figure 1. Prior to expression 
analysis, all DNA constructs were sequenced using the 

25 dideoxynucleotide method. Single stranded DNA was 

isolated from the clones by growth of the recombinant 
cells in the presence of helper phage, VCSM13 
(Stratagene, La Jolla, CA 92037) . Nucleic acid (seq id 
nos:l and 3) and derived amino acid sequences- (seq id 

30 nos:2 and 4) for V^pelBhis and V^pelBhis are shown in 
Figures 5 and 6 respectively. 
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V jDelBhis Plasmid 

V^pelBhis was constructed using the strategy 
outlined in Figure 1. This involved restriction by 
5 BstEII to remove the single chain linker sequence and the 
domain gene followed by relegation, 

V piDBlBhis Plasmid 

10 VppelBhis was: constructed using the strategy 

outlined in Figure 1. A Pstl-ScoRI fragment encoding the 
majority of the domain gene and the {his)^ tag was 
isolated following restriction enzyme digestion. This 
was then, ligated into Pstl-EcoRI restricted V^elBmyc to 

15 replace the majority of the gene and the c-myc tag. 

Construction of scV^ VgpelBHis ver. 2 

A vector scV^V^pelBHis ver. 2 has been constructed in 
20 which two codons (val-thr) which are located between the 
3' end of the Ja gene and the 5' end of the (gly4ser) 3 
linker have been removed. Figure 4. These codons are 
derived from the 3' end of an immunoglobulin heavy chain 
variable domain,, and may therefore interfere with the 
25 scTCR structure in the protein expressed from V^jV^pelBHis - 
The two codons were removed using PGR mutagenesis, as 
shown in figure 4, and the following primers. 

Primer A: 5' GTA TCT GCA GCC TCC GAT CCG CCA CCG CCG GAT 
30 CCA CCT 3' 

Primer B: 5' ATC AGG ATC CAC CTC CGC CTG AAC CGC CTC CAC 
CCG 6TT TAA TGG 3' - 

35 The scTCR encoded by scV^V^pelBHis ver. 2 can be 

secreted and purified in yields of 0.5-1 mg/liter of 
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eulture, and CD analysis indicates that the protein is 
folded into a similar, if not the same, structure as that 
encoded by sc V^V^pelBHis. Thus, for practical purposes 
of sc TCR production the two constructs do not appear to 
differ. 

The nucleic acid and derived amino acid sequence of 
the single chain construct is shown in Figure 9 (seq id 
nos : 7 and 8) . 

EXAMPLE 2 

The following are examples of expression of V^;, 
and V^V^ T-cell receptor domains employing E. coli hosts 
transformed with the vectors of Example 1. 

Expression of V q .. Vg and scV^ ^.Vg Proteins 

Detection of unpurified recombinant protein in 
culture supernatants or osmotic shock fractions was 
performed as follows: 

E. coli recombinants harboring V^pelBmyc, VppelBmyc 
Y^V^elBmyc, or BoV^Y ^elBmyc were grown up in 2 x TY (or 
4 X TY) plus 100 /il ampicillin and 1% (wt:vol) glucose to 
early stationary phase, pelleted by centrif ugation, 
washed once in either 2 x TY (or 4 x TY) or 50 mM NaCl 
and then induced by resuspension in 2 x TY (or 4 x TY) 
plus 100 /x/ml ampicillin and 1 mM isopropyl-/3-D- 
thiogalactopyranoside (IPTG) for 14-16 hrs. Cultures 
were grown and induced at 37 °C with shaking at 250 rpm. 
Culture supernatants were analyzed by western blotting 
(Towbin et al,, 1979; Ward et al,, 1985) using monoclonal 
antibody 9E10 (Evan et al., 1985) followed by anti-mouse 
F^. conjugated to horseradish peroxidase (ICN 
Immunobiologicals) for detection (Figure 2) . Diamine 
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benzidine (Sigma^ St. Louis, MO) was used as the 
horseradish peroxidase substrate. To detect expressed 
proteins in osmotic shock fractions the following 
procedure was followed. 

5 ■ 

Recombinant cells harboring V^pelBmyc, V^elBmyc, 
V^VgpelBmyc or scV^V^elBmyc were grown up at 30 °C for 12- 
16 hours in the same media as above, pelleted by 
centrifugation and washed in either 4 xTY or 50 raM NaCl, 

10 and resuspended in 4xTY plus 100 fig/ml ampicillin plus 

0.1 mM IPTG plus 1 ;ig/ml leupeptin (a protease inhibitor) 
and 10 /xg/ml PMSF for 5-6 hours. Periplasmic fractions 
were isolated using cold TES buffer or 20% TES as 
described below. Osmotic shock fractions (see below) 

15 were then analyzed using Western blotting and the 9E10 
monoclonal antibody as above. 

For optimal yields. of purified T-cell receptor 
proteins, recombinants harboring V^pelBhis. Y^elBhis and 

20 M^VQpelBhxs were employed. 1-2 liter cultures of 
recombinants were grown up in 4 x TY media (double 
strength 2 x TY) plus 100 (ig ampicillin/ml plus 1% (w/v) 
glucose for 15 hr at 30°C. Cells were pelleted by 
centrifugation, washed once in 4 x TY and resuspended in 

25 1 liter of 4 x TY plus 100 fig ampicillin/ml, 0.1 mM-IPTG, 
1 ng leupeptin/ml and 10 /ig PMSF/ml and grown at 25 °C for 
5-5.5 hrs. At this stage the majority of the recombinant 
protein was located in the periplasm, and was isolated by 
osmotically shocking the cells as follows: 



30 



Cells were cooled by standing on ice for 10 minutes, 
and then pelleted by centrifugation (6000 rpm, 15 minutes 
at 4°C) . Cell pellets were resuspended in cold (at 0- 
4°C> 200 raM Tris-HCl pH 8.0, 500 mM sucrose and 0.5 mM 
35 NaoEDTA (TES, 40 mis used per 1 liter culture) . Cells 

were incubated in TES for 20-40 minutes at 0°C) , and then 
pelleted by centrifugation (10,000 rpm, 10 minutes at 
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4°C) . The supernatant was dialyzed against phosphate 
buffered saline overnight (3 changes at 4**C) . The 
pellets were resuspended in cold 20% v/v TES and 
incubated for 20-40 minutes at 0«>C. The cells were again 
5 pelleted by centrifugation (10,000 rptn, 10 minutes at 

4°C) , and the supernatant was dialyzed against phosphate 
buffered saline overnight (3 changes at 4«) , Both TES 
and 20% TES supernatants were then passed through Ni"^"^- 
NTA-agarose columns. Bound protein was batch eluted in 

10 1-2 ml fractions with 250 mM imidazole, pH 9.2. To 

reduce non-specific binding of additional proteins, the 
column was washed with 500 mM NaCl/100 mM Tris HCl, pH 8, 
and the same at pH 7.4, prior to elution. The purified 
protein was dialyzed extensively against 10 mM NaH2P04, pH 

15 7.0, prior to CD analysis. Purity of T-cell receptor 
fragments was assessed by 15% SDS/polyacryl amide gel 
electrophoresis followed by staining with Coomassie 
brilliant blue. The SDS-PAGE stained gel of the purified 
proteins is shown in Figure 10. 

20 

Yields of the purified and domains were 
approximately 1-2 mg/L culture and 0.2 mg/L culture 
respectively. Crosslinking experiments with 
dithiobis (succimidylpropionate) (DSP) indicated that the 
25 domain tended to form homodimers . To analyze the 

oligomeric state of the domain, the purified protein 
(at a concentration of approximately 1 mg/ml in PBS) or 
culture supernatant from induced cultures (see above; 24 
hours or more induction) was used. The purified protein 
30 was V^ihis)^ (carboxy terminal (his) ^ tag) and the culture 
supernatant contained V^^yc (carboxy terminal c-myc tag) . 
50 111 of each sample was incubated with 0.1-2 mM of DSP 
for one hour at room temperature. The crosslinked 
samples were then analyzed by SDS-PAGE (under non- 
35 reducing conditions) followed by either staining with 
Coomassie brilliant blue (for V^ihis)^) or Western 
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blotting (for V^yc)\ For the Western blotting, the V^, 
domain was detected using the 9E10 monoclonal antibody as 
above. For a significant proportion of domain, the 
size following incubation with cross linker was 
approximately 30 kDa, indicating the formation of 
homodimers . 

As a single chain, polypeptide, the 1934.4 hybridoma 
cell-derived scTCR with a (his) g peptide tag was secreted 
into the periplasm and purified using Ni^'^'-NTA- agarose in 
yields of about 0,5-l.Q mg/1 culture. The lower growth 
and induction temperature and lower IPTG concentration 
(0.1 raM) , about 25^.C, was particularly beneficial in 
inducing higher expression yields for the single chain 
VqjV^ heterodimer . 

An alternative purification of the single chain V^V^g 
domain employed an antibody- linked sepharose column. The 
purification of the scTCR by affinity chromatography 
indicated epitopic recognition, by the antibody employed, 
monoclonal antibody KJ16 which is specific for murine V^g 
(Kappler et al. , 1988). 

EXAMPLE 3 

The following example illustrates that the 
expression vectors of Example 1 are not limited to 
expression in E. aoli. . Serratia marcescens was employed 
as host in the following example. 

Expression and Secretion of TCR Single Ch ain TCRs from 

The plasmid scV^^pelBhis was transformed into 
marcescens by electroporation and transf ormants selected 
on 2 x TY agar plates with Img/ml ampicillin and 1% w/v 
glucose, or minimal media (Sambrook et al., 1989) plates 
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plus 1 mg/ml ampicillin plus 1% w/v glucose. 
Trans formants were grown up in minimal media plus 10% w/v 
casamino acids, 5% w/v glycerol, 0.5 mg/ml ampicillin 
(MCGA media) at 30°C for 24 hrs with aeration (250 rpm) . 
5 30-50 ml of this culture was used to inoculate 500 ml of 
the same MCGA media and grown for 12-16 hrs overnight at 
30 °C with aeration (250 rpm) and then IPTG added to a 
final concentration of 0.2-0.5 mM. Cells were induced 
for 12-24 hrs by growth at 30°C with aeration (250 rpm) 

10 and then stood on ice for 10 min. Cells were pelleted by 
centrifugation for 30 min, 10,000 rpm, followed by 30 min 
at 14,000 rpm and the supernatant filtered through a 0.45 
fim filter unit (Nalgene) . The supernatant was 
concentrated 10-20 fold in a high pressure concentrator 

15 with a YMIO filter and then dialyzed overnight (3 

changes) against PBS at 4°C. The dialyzed supernatant 
was passed through a Ni^'^-NTA- agarose column using the- 

procedure for isolation from E.'coli host according to 
Example 2 . 

20 

Alternatively, the S. marcescens recombinants may be 
induced for shorter time periods and the protein isolated 
from the periplasmic space by osmotic shocking. Yields 
are higher if longer induction periods are employed and 
25 the protein isolated from culture supernatant. 



EXAMPLE 4 

30 The following example relates to an analysis of the 

folded state of the recombinant TCR fragments using 
circular dichroism (CD) analysis. Results indicated a 
significant proportion of /J-sheet structure, indicative 
of native folding. 
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(-i-r fTTilaTT Dichr-oism Analysis o f TCypressp-d TCR Proteins 

Figure 11 shows the circular dichroism spectra of 
recombinant TCR proteins. The recombinant TCR fragments 
5 were purified using the methodology described above, from 
E. coll cells harboring Y^el&his. V^elBhis and 
scV VopelBhis and dialyzed into 10 mM sodium phosphate 
pH7.0 prior to CD analysis. As a comparison, the 
immunoglobulin scFv fragment derived from the D1.3 

10 antibody (Ward et al., 1989) was purified and used. This 
fragment was es^ressed from a plasmid construction 
derivative of pSW2 (Ward efc al., 1989; McCafferty et al., 
1990) . The scFv was purified from the culture 
supernatant of induced cultures using lysozyme sepharose 

15 (Ward et al., 1989) and dialyzed against 10 inM sodium 

phosphate pH 7.0 prior to analysis in CD. The rationale 
for using this immunoglobulin fragment as a comparison is 
that molecular modeling indicates that the V„ and Vg 
domains of TCRs resemble immunoglobulin variable domains 

20 (Chothia etal., 1988; Novotny et. al. , 1986).. For each . 
recombinant TCR protein,, several spectra were generated 
using different concentrations and/or protein from 
different purification batches . Figure 11 shows 
representative spectra. 



25 



CD analyses were carried out using an AVIV model 
60DS circular dichroism spectrophotometer at 25 °C and a 
cell path of 0.2 cm. Concentrations of proteins in 10 mM 
NaH2P04 varied from 1.0 ^tM to 7.8 \M. Concentration of 
30 the purified proteins was determined by quantitative 

amino acid hydrolysis. Proteins examined were V„(his)6, 
Vp(his)6, scTCRV^y^ (his) 6 and D1.3scFv. 

By comparison with both the CD spectrum of the 
35 structurally solved D1.3 Fv fragment (Bhat et al., 1990) 
and that of other proteins known to have a high 
proportion of S-pleated sheet structure, it was concluded 
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that the CD spectra of the recombinant TCR fragments 
contained a high proportion of S-pleated sheet structure. 
This is consistent with the molecular modeling studies 
which indicate that the TCR domain fold is 
5 immunoglobulin- like in character (Chothia et al . , 1988; 
Novotny et al., 1986). The features of the spectra are: 
i) a minima at 218 nm, indicative of S-pleated sheet 
structure, ii) no minima at the wavelengths which are 
characteristic of a helical strxicture (Johnson, 1990) , 

10 implying that there is no a helical structure in the TCR 
domains which is consistent with molecular models, iii) 
no maxima at the wavelength expected for random coil 
structure (Johnson, 1990) , indicating that at least the 
majority of the TCR domains are folded into secondary 

15 structure and not in denatured (unfolded) state, and iv) 
for the domain and D1.3 scF^, a maxima at 205 nm 
indicating the presence of S turns. 

EXAMPLE 5 

20 

The following example illustrates the production of 
an immunoglobulin Fc- hinge or Fc fragment and Fc- hinge or 
Fc derived subfragments in milligram quantities using 
E. coli as an expression host. These results indicate 
25 the suitability of the system for the commercial 

production of large quantities of recombinant protein. 

Plasmids, Expression and P urification 

3 0 PCR was used to isolate and tailor the genes 

encoding fragments derived from the murine IgGl 
immunoglobulin molecule 9E10 (Honjo et al., 1979; Evan et 
al., 1985) „for ligation into the expression plasmids 
(Figure 12) . To accomplish this, total RNA was extracted 

35 from 1 x 10*^ 9E10 hybridoma cells, as described herein 

above. cDNA was primed using oligonucleotides CH3forBst 
or CH2forBst (see below; Honjo et al . , 1979) for the 
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isolation of either the CH3 domain gene/Fc fragment genes 
or the CH2 domain gene respectively. The genes were then 
isolated using PGR and the primers shown below. As 
listed, the five distinct sequences represent seq id no: 9 
5 through seq id no: 13, respectively. 

a) CHS domain, 

CHSbalcNco = 5' ATC ACC ATG G CC GGC AGA CCG AAG GCT CCA 
CAG 3' I 

10 CHBforBst - 5' TAG AGG TGA CC T TAC CAG GAG AGT GGG AGA 
GGC T 3' 

b) CH2 -hinge, 

HingebakNco = 5 ' ATC ACC ATG G CC GTG CCC AGG GAT TGT GGT 
15 TG 3' 

CH2forBst = 5' ATC AGG TGA CC r TGG TTT TGG AGA TGG TTT 

c) Fc fragment, 

20 CH2bakNco = 5 ' ATC ACC ATG G CC GAA GTA TCA TCT GTC^TTC 
ATC 3' 

CH3forBst; as above 

d) Fc-hinge fragment, 

25 HingebakNco and CH3forBst; both as above 

A typical PCR comprised: 3 units Promega Taq 
polymerase, lO/xl Promega buffer, 10 /xl 0.2mM dNTP cDNA 
synthesis reaction in a final volume of 100 /il. Cycling 

30 conditions were: 94°C (0.5 min) , 55°C (0.5 min) , 72°C (1 
min) for thirty cycles using a Techne temperature cycling 
block. The oligonucleotides each encode either an Ncol 
or BatEII restriction site indicated by underlining, and 
italicized sequences) indicate the regions of the 

35 oligonucleotides that anneal to murine IgGl constant 
region genes (Honjo at al., 1979); which allows 
restriction digestion of the PCR products followed by gel 
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purification and ligation as Ncol-BstEll fragments into 
VapellSHis (Ward, 1992) . The ligated DNA was then 
transformed into B. coli BMH 71-18, as described above. 
The sequences of the inserts of all plasmid constructions 
5 were analyzed using the dideoxynucleotide method and 

either Sequenase (USB) for single stranded DNA templates 
and Femtomole kits (Promega) for double stranded DNA 
templates . 

10 These antibody fragments can be expressed and 

secreted from recombinant E. coli cells, and the carboxy- 
terminal Hisg peptide tags allow purification using Ni^"*"- 
NTA-agarose. E. coli BMH 71-18 transf ormants harboring 
the plasmids shown in Figure 12 were grown up and induced 

15 for expression as described herein above. The 

recombinant proteins were isolated from the periplasm by 
osmotic shock followed by affinity purification using 
Ni'^'^ -NTA-agarose. The recombinant fragments were 
purified in yields of 2, 1-1.5, 1.5-2 and 0.5-1 

20 milligrams per litre of culture for the CH3 domain, CH2- 
hinge fragment, Fc fragment and Fc- hinge fragment 
respectively. The purity of the recombinant proteins was 
assessed using SDS gel electrophoresis (Laemmli) and 
staining with Coomassie blue R-250 (Figure 13) . 

25 

For derivatization of the CH2 -hinge fragments with 
Ellman's reagent, the following procedure was used: CH2- 
hinge at a concentration of 1 mg/ml in 50 mM sodium 
phosphate buffer pH 7.5-8.0 was incubated with a 100 

30 molar excess of Ellman's reagent (Pierce) dissolved in 
dimethyl formamide. Following incubation at room 
temperature for several hours, the derivatized CH2-hinge 
fragment was separated from free Ellman' s reagent on a G- 
25 column. The Ellmanised CH2 -hinge fragment was then 

35 incubated with an equimolar amount of underivatized CH2- 
hinge in 50 mM sodium phosphate buffer, pH 7.5, at room 
temperature. The reaction was monitored by measuring the 



-72- 

optical density at 412 nm. When the optical density 
remained constant, the monomeric CH2 -hinge was separated 
from dimeric CH2 -hinge using gel filtration. 

In vitro Structural Analyses 

Results from HPLC analyses indicated that the CH3 
domain, Fc fragment and Fc-hinge fragment are all. 
expressed and purified as homodimeric proteins. For the 
Fc and CH3 domain, the. diraers are non-covalently linked, 
as demonstrated by analyses on non-reducing PAGE (Figure 
13B) . The dimerization of the Fc fragments and CH3 
domains is presumably stabilized by non-covalent 
interactions between the CH3 fragments, which are closely 
apposed in the immunoglobulin structure (Marquart et al., 
1980) . For the Fc-hinge dimer, the fragments are also 
covalently linked by -S-S- bridges between the hinge 
region cysteines (Figure 13) . 

In contrast, analysis of the CH2 -hinge fragment 
using HPLC indicates that approximately 10% of the 
protein is expressed and purified as a dimer, and the 
remainder as monomers . Structural analyses of 
immunoglobulins, indicate that the CH2 domains in the Fc 
region of an antibody molecule form few interactions, and 
presumably, the relative weakness of these interactions 
(compared with those between CH3 domain, for example) 
result in a low proportion of expressed dimers . The 
dimers are covalently linked by -S-S- bridges (Figure 
13) ; expression and purification of CH2 domain without 
the hinge region resulted in a significant proportion of 
this protein forming dimers that are non-covalently 
linked, and in addition, there are no free sulphydryls as 
would be expected for an -immunoglobulin domain that is 
correctly folded with intramolecular -S-S- bridges. This 
suggests that in the CH2 -hinge fragments, the -S-S- 
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bridges are formed between cysteine residues located in 
the hinge region. 

EXAMPLE 6 

5 

The following example illustrates that the native 
sequence immunoglobulin Fc-hinge and Fc fragments, 
purified following expression in E, coli, have similar in 
vivo stability to the native IgGl antibody molecule. 



10 



To determine the clearance rates of the 
immunoglobulin fragments in vivo, the recombinant 
proteins were radiolabeled with ^^^I and the levels of 
serum radiolabel monitored as a function of time. The 

15 clearance rates were then compared with those of intact 

murine IgGl (expressed and purified from a hybridoma) and 
the bacterially expressed D1.3 Fv fragment (Ward et al . , 
1989) derived from the murine D1.3 antibody. The 
clearance curves were all found to be biphasic (Figure 

20 14) . The half lives of the a and E phases are shown in 
Table I. For the D1.3 Fv, CH2 -hinge and CH3 fragments 
the a phases were too rapid to be accurately determined 
(Figure 14) . 

25 From the clearance rate data, several conclusions 

can be drawn. Firstly, the recombinant aglycosylated Fc 
fragments (with or without the hinge region) have the 
same stability in vivo as the complete glycosylated IgGl 
molecule. The shorter half life of the or phase, which 

30 represents the equilibration phase between the vascular 
and extravascular tissue, is shorter for the recombinant 
Fc-hinge or Fc fragments due to their smaller size. 
Secondly, both the CH3 domain and CH2 -hinge fragment- are 
cleared at rates similar to that of the D1.3 Fv fragment 

35 (Figure 14) . 
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Table I 

Half lives of the & phases of the 
imD nmo qlobulin fracments 

TimmirLQeTl obTiliii (fraomeat) 6-phase (half life 

in hours) 

CH2 + Hinge 24.5 
[CH2 + Hinge] 2 ^6.8 

CHS ^^-^ 
Fc 

Fv 20 

Fc- hinge 66.3 

Complete immunoglobulin 85 

Glycosylated Fc-hinge 

Recombinant immunoglobulin fragments were purified and 
radiolabeled using either the Bolton Hunter reagent 
(Amersham, 2000 Ci/mmol) or lodogen (Amersham) to a 
specific activity of lO^-lo'^ cpm//ig of protein. The 
complete IgGl antibody used as a control was purified 
from mammalian cells using standard methodology. The 
glycosylated Fc-hinge fragment was derived from this IgGl 
antibody by papain digestion followed by purification 
using protein A sepharose (Pierce) . For the measurement 
of the half lives, 2-4 BALB/c mice (23-28 gms, female) 
were injected with 0.1 mi of radiolabeled protein 
(approximately 1-50 fig protein containing lO^-lo'^ cpm) in 
the tail or retro -orbitally, and bled retro-orbitally at 
time points from 2 mins-72 hours post injection. The 
amoiint of radioactivity present in the blood samples was 
determined using a Scintillation counter. 



A high proportion (approximately 90%) of the CH2- 
hinge fragment was expressed and purified in monomer ic 
rather than dimeric form, and therefore the possibility 
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remained that the determinants of stability are located 
on the CH2 -hinge dimer. To determine whether CH2 -hinge 
dimers was stable in vivo, dimers of the CH2 -hinge 
fragments were generated by derivatizing an aliquot of 

* 5 the purified CH2-hinge fragments with Ellman's reagent 

(Figure 13) , and then mixing this with an equimolar of 

> underivatized CH2-hinge fragment. HPLC analysis 

indicated that this resulted in approximately 90% 
dimerization, and this dimer was used in clearance 
10 studies. The half life of the a phase of this dimer is 
slightly longer than that of the predominantly monomer ic 
CH2 -hinge domain, due to the twofold difference in 
molecular size. The 15 phase is, however, 
indistinguishable from that of the monomeric form, 
15 indicating that the rapid clearance of the CH2 -hinge is 
not due to the monomeric state. 



These data demonstrate that recombinant 
aglycosylated Fc fragments, with or without- hinge 

20 regions, have a iS phase that is similar to that of a 
complete glycosylated IgGl immunoglobulin molecule. 
Therefore, the carbohydrate residues do not appear to 
play a major role in stability. In addition, the hinge 
is not necessary for in vivo stability. In contrast, 

25 both dimeric CH2 -hinge and CHS fragments are catabolized 
as rapidly as antibody Fv fragments, indicating that the 
presence of sequences in both the CH2 and CH3 domains are 
necessary for the in vivo stability of the recombinant 
Fc-hinge or Fc fragment. The production of the IgGl Fc- 

30 hinge or Fc fragment in E. coli is envisioned to allow 
the delineation of the key residues involved in 
controlling the catabolism of the immunoglobulin molecule 
in vivo. In light of the present work, the production 
and analysis of human Fc regions in E, coli is now 

35 possible. It is envisioned that this work will also lead 
to the development of novel tagging and stabilization 
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methods for use with various recombinant molecules 
employed in animal or human therapeutics, 

EXAMPLE 7 

5 . 

ThB following example illustrates the design and 
bacterial production of engineered immunoglobulin Fc- 
hinge fragments, the delineation of the site that 
controls IgGl catabolism and, thereby, the production of 
10 antibody fragments that have reduced in vivo half lives, 

Plasmids. Expression and Purification 

The methods employed in the present example are 
15 based upon those described in detail in Example 5 . 
Mutations were made using designed mutagenic 
oligonucleotides and either PGR mutagenesis (as described 
hereinabove^ 1-253) or site-directed mutagenesis (as 
described hereinabove, HQ-310, HlSr-433) . The 
20 oligonucleotides employed were as listed below, with the 
three distinct sequences representing seq id no: 14 
through seq id no: 16, respectively. 

i) 1-253: 

25 5' ATC TAC ACG TCA CCT TAG GAG TCA GAG T AG CG G TGA G 3' ; 

ii) HQ-3iO; 

5' GAG CCA GTC GTT GGC CAT GAT GGG AAG 3' ; 

30 iii) HISr-433 : 

5' AGT ATG GTG TTG GGC CAG GCC CTC ATG 3' . 

Oligonucleotides are shown in reverse complement to 
35 coding strand and mutated bases are indicated by 

underling. For the 1-253 mutant, oligonucleotide i) and 
the reverse universal M13 sequencing primer (New England 
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Biolabs) was used in the PGR with wild- type Fc -hinge DNA 
as template. The Afllll site (present in the wild type 
Fc-hinge gene (Honjo et al . , 1979) used for cloning of 
the mutant DNA to replace the corresponding wild type 
5 sequences is indicated by italics. The HQ-310/HN-433 
mutant was made by a three way ligation of an 2\rcol-MscI 
fragment containing the 5' 416 bp of the Fc-hinge HQ-310 
mutant and an WscI-BstEII fragment containing the 3' 265 
bp of the Fc-hinge HN-433 mutant. All mutated genes were 
10 sequenced (Sequenase, USB or Femtomole, Promega) prior to 
functional analyses. 



Plasmids encoding wild type IgGl Fc-hinge, and 
mutants 1-253, HQ-310, HN-433 and HQ-310/HN-433 were 

15 constructed for this study (Figure 15, Panel A). The 
residues that were been mutated are all in close 
proximity to the CH2-CH3 domain interface (Deisenhofer 
1981) and are also conserved in most of the IgG isotypes 
in both mouse and man (Kabat et al., 1991) . The details 

20 of these mutants are represented below in Table II: 
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TABLE II, Reduced Half -Life Pc -Hinge Mutants 

5 1-253 a single mutant ile 253-to ala 253 

HQ- 310 a double mutant his 310 to ala 310; and 

gin 311 to asn 311 

10 HN-433 a double mutant . his 433 to ala 433; and 

asn 434 to gin 434 

a tetra-mutant his 310 to ala 310; 

gin 311 to asn 311; 
' his 433 to ala 433; and 

asn 434 to gin 434 

The wild type and mutant Fc-hinge fragments were 
expressed and purified from recombinant E. coli cells in 

20 yields of 0.5 milligrams per liter. These fragments were 
purified using »i^'*"-NTA- agarose as described hereinabove 
and in {Ward, 1992) . Analyses using reducing and non- 
reducing SDS-PAGE (Laemmli, 1988, with Codmassie 
brilliant blue R250 staining) indicated that the wild 

25 type and mutant Fc-- hinge fragments were expressed as 
sulphydryl linked homodimers (Figure 15b) . 



In Vivo Stability and Catabolism 

30 

The proteins were radiolabeled with ^-^-i Na using 
the lodo-gen method (Amersham) . The free iodine was 
removed by two successive gel f iltrations on Sepharose 6- 
25M using tuberculin syringe columns and low speed 
35 centrif ugat ion . The final volume of radiolabeled protein 
was adjusted to 0.5-0.7 ml. with phosphate buffered saline 
(pH 7.2) containing 1 mg/ml BSA. The specific activity 



HQ-310/HN-433 

15 
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of the radiolabeled proteins were approximately lo'' 

cpm/ixg, with less than 5% free iodine. All radiolabeled 
Fc- hinge fragments were analyzed on SEC- 250 (Bio-Rad) 
column by permeation HPLC and emerged as single peaks 
5 with retention times corresponding to 55kDa - which 
indicated that was no detectable radiolysis of the 
proteins . 

To analyze the clearance of the various fragments, 

10 studies based upon the following method were employed, 
BALB/c mice (20-25 gms) were given 0,1% Nal in drinking 
water one date prior to injection and throughout the 
period of monitoring the clearance of the radiolabeled 
proteins. The radiolabeled proteins were injected 

15 intravenously through the tail vein in a volume not 

larger than 150 fil and with a radioactive load of 10-50 x 
lO^cpm. The mice were bled with heparinized 50 fxl 
capillary tubes from the retro-orbital sinus three 
minutes following injection and at the time iiitervals 

20 indicated on Figure 16. The plasma was collected by 

centrifugation and kept at -20 °C, The radioactivity was 
measured on an LKB gama counter using 25 fil of plasma 
before and after precipitation with 10% trichloroacetic 
acid (TCA) . In all cases, greater than 90% of the plasma 

25 counts were precipitated by 10% TCA. The plasma 

collected from mice at 24 hours was pooled and analyzed 
by HPLC on SEC-250 columns. It was not possible to 
inject exact volumes of radiolabeled protein into each 
animal, and the results (Figure 16) are therefore 

3 0 expressed relative to the amount of plasma radioactivity 
at 3 minutes post -injection. 

Following injection of the radiolabeled proteins 
into groups of 3-4 mice, as described above, the serum 
3 5 radioactivity was monitored at various time intervals. 

For each' fragment, it was found that the clearance curves 
in different mice were almost identical (Figure 17 shows 
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representative curves. for one mouse from within each 
grdupO. For each recdmbinant protein^ the plasma samples 
collected at the 24 hour time point from mice within one 
group were pooled and subjected to HPLC on SEC- 250 
5 columns. 90% of the radioactivity was eluted as a major 
peak that had a retention time identical to that of the 
corresponding material prior to injection for all the Fc- 
hinged fragments . This indicates that the wild type and 
mutant Fc-hinge fragments persist in the serum as intact 
10 molecules , and are not associated with other seroim 
proteins . 

The pharmacokinetic parameters of the wild type and 
mutant Fc-hinge fragments are shown in Table III. These 

15 data indicate that the mutations have significant effects 
on the half lives of both the or and S phases of the IgGl 
Fc-hinge fragment. Mutations in the CH2 domain (1-253 
and HQ- 3 10) have , a more marked effect than those in the 
CH3 domain (HIsr--433) ; The HN-433 mutant is cleared with 

20 pharmacokinetics that are similar to those of the 

isolated CH2 -hinge fragment, as disclosed hereinabove, 
suggesting that these CH3 domain mutations have 
eliminated the involvement of this domain in maintaining 
serum levels. The HQ-3i0/HN-433 mutant is cleared more 

25 rapidly than either of the two mutants from, which it is 
derived. The mean residence times, areas under curves 
and plasma clearance figures are consistent with the 
calculated values for the half lives of the o: and B 
phases (Table III) . 



wo 93/22332 



PCr/LfS93/03895 



-81- 



4-) 
0) 



u 
0) 

-H 

f 
U 

4J 

m 

i 

m 

0) 



4J 

TJ 
iH 
-H 

0) 

4J 

o 

0) 
4-) 
Q) 

u 

p 
o 

4J 
0) 

O 
U 

XJ 



M 
H 
M 



o 



0 



4J 



CQ ^ 



0) 4J 

tn a 



o 

■H 

VD 
CO 



■ 

ID 
CN 

+1 



CO 

• 

H 
+! 

St* 
O 
H 



in 
o 
t 

o 

H 
+1 

00 
00 



CN 
CO 



CO 



o 
+1 



o 



0) 



in 

H 
H 
-H 

in 
« 

CN 
03 



CN 

+1 

CO 

in 



CN 
CO 

o 

■H 

cn 
• 

VD 
H 



CN 

O 
-H 

m 
o 



o 

CN 



in 



o 

-H 
00 



in 

CN 

I 

M 



V£) 

-H 
CO 

o 

CN 



• 

CN 
H 

-H 

O 
« 

CO 
CN 

in 



n 
o 
♦ 

H 

CN 
H 



CN 
+1 

in 



i-i 



CN 
VD 



O 

+1 



tn 



o 

H 

ro 
I 

a 



o 

-H 
00 

< 



VD 
H 

m 

CN 

+1 

VD 
H 



VD 

O 
• 

in 
+1 

CN 

o 
« 

o 

VD 



CN 

CN 
-H 

CNJ 

m 



o 
in 



H 
CN 



+1 
in 

05 



o 



m 
I 



in 
+1 
o 



VD 
-H 

CTi 

in 



03 
VD 

• 

o 

-H 
H 

o 

H 



o 
^^ 

in 



in 



o 

CN 



O 

+1 

H 
CO 



in 



o ro 
H n 
ro 

OS 



Q) 




<u 










O 






X! 




O 




X! 










H 




rH 


U 


















ro 




•H 


•H 






U 






CQ 








4J 


? 


x: 






■H 


y-i 


n5 


(L) 




d 


a 


d 








rt 


^ 


0 




-H 




(D 




fd 


Sh 






0) 


(U 




>i 






(D 




d 


0 


4J 




iH 






XI 


0 








-iH 


4H 


d 




U 








4J 


d 


Jj 


m 






(d 








> 


Tl 


OJ 


(d 


(D 


in 




CO 


JJ 




ns 


0 




OJ 


U 




XI 


CN 


0 


H 


d 




B 


u 




Tl 


0 


in 




1 


u 


fd 


B 




CQ 






-H 


X5 


O 


CQ 


M 


(D 


B 






OS 


B 


y-i 


> 


(d 


• 


4J 




!h 




ro 




rH 


1 ■ 


iH 


0 




o 


d 






d 


in 




CI* 


fd 


nJ 


U 






"H 


CQ 


CD 


fd 


CN 




XI 


XI 




X! 


d 


0 


U 










\\ 








O 






d 


JJ 




M 






d) 


iH 


M 






0 




1 








0) 


X! 

^^^^ 


0) 


fd 




cd 


XJ 


iH 


ro 


CD 






XI 










4J 




0 


ng 


X! 










OUl 


es 


be 


da 


VD 
CTi 


MH 


jj 






CD 


« 




OS 








CQ 


■H 


MH 




Q) 


OJ 








CQ 




TJ 




CO 


0 




t> 






m 






CQ 


d 


<D 








u 


■ • 






P 
t<p< 




CD 


(d 


4J 




d 




»— ' 


I—* 




d 






CO 




(D 


CQ 


o 




n 








o 


o 


(d 




6 


XJ 


-H 






1 1 


o 










CN 


rd 


d 


JJ 






(IS 


ro 












• 1 


fU 


Q* 




fl) 


n 












9* 


fd 


p 


fD 












rH 


1) 


o 


Qj 




o 






o 




o* 


rd 


frt 








Li 










d 


E 




w 






o 




<D 










0 








ro 


•H 


Qj 






■V 




0 


u 








ro 


4J 




0) 




0) 


Q) 




I 


rd 


CO 






(D 


CD 


XJ 




• • 


CQ 


cn 


d 


XJ 






1 


d 




JJ 




(0 






0 




CQ 


o 




-H 


Jj 




• 






n 


d 




rd 








>— < 


X! 


CD 




(D 








X5 






0 


(D 


JJ 


u 






JQ 




M 


a 




u 


T3 


■H 






0) 




U 




• 


d 


fd 


d 


> 


B 






d 


tn 






CO 


rd 




(D 












d 


0) 




JJ 




>-{ 

1 T 










4j 


x: 


-H 




<D 


d 


<D 


fd 


CD 


CD 








JJ 


CQ 




XJ 


<u 








4J 


d 








d 


*^ 


4J 




r » 




d 


d 


■H 






u 




CQ 






1 ) 




-H 


(D 








Q) 


TS 


rd 


u 


fd 




(D 






JJ 


•H 


CQ 








0 




xi 


0 


tn 


d 


JJ 




m 


d 


> 






rH 






rd 


<D 






0) 


•H 








-H 




JJ 


■ 1 


P 


OJ 






£ 






rH 








UH 




n 


o 


tn 


U 






iH 






d 




Sh 




n 








(d 


(d 






-H 




0) 




0) 


es 


et 


• 






CQ 


CD 


T3 


tn 


Qj 

r T 




u 


d 




T 1 


d 


-H 


> 


B 




Q 


rd 


o 


d 


d 


(D 


-H 




to 


• 1 








> 




0 




N 


Xj 






I) 


4J 






rH 






<D 




1 


CD 


Vj 






u 


0 




Tl 






H 


O 


d 






O 






m 


0) 




CD 


rd 




0 




o 


in 




B 


d 


CQ 


VD 




d 






m 


-H 






rd 


d 


d 


H 




rd 


JJ 


d 


(U 


T( 


d 


CO 


M 


0) 










d 


■H 


B 


nJ 




(U 


tn 




0) 




ro 




fd 






M 


XJ 


CQ 


O 




M 


d 


ro 


;h 


JJ 


Tf 


il 




4J 


(« 


u 




0) 


rd 




CD 


d 


CD 












4J 


> 










M 




i-i 


<u 


Oi 




d 












>i 




< 


u 


u 




CO 


CN 




CO 


rH 


i 


0 




Q) 


0 


U 






d 


d 


fd 






B 








d 


M 




-H 


rd 


d 




9 










0 


(D 


H 


0) 




fd 




Q) 


0) 


d 




4J 


X! 


X5 


ro 


JJ 












OJ 


i* 


CO 




JJ 


1 


0 




CO 




m 


0) 




o 


CD 




-H 


a 






rd 






5 




u 




CN 


(U 




Qi 


JJ 





wo 93/22332 FCr/US93/03895 

-82- 

Bindinq to SpA 

The effect of the mutations on binding of the Fc- 
hinge fragment to SpA were analyzed in competition 
5 binding studies as follows. 100 /il of packed SpA-agarose 
gel was suspended in 250 jil of sodium phosphate buffer 
(0.05 M, pH 7 .5) containing 3 mM EDTA]Sra2 and 1 mg/ml 
bolvine serum albumin (PBE/BSA) . Unlabelled wild type or 
mutant Fc-hinge fragments were added in varying amounts 

10 (7.5 fig to 100 ^g) . All incubations were made up to a 

final volume of 500 ^1 with PBE/BSA and incubated at room 
temperature with occasional stirring for 30 minutes. A 
constant amount of ^^^I-labelled wild type Fc-hinge 
fragment (1 fig with a specific activity of approximately 

15 2 X 10^ cpm/^g) was added to each tube and further 
incubated at room temperature for 90 minutes with 
occasional stirring. The SpA-agarose gel was washed 4 
times with PBE/BSA using centrifugation to pellet the 
gel - Bound radioactivity was counted in an LKB gamma 

20 counter. The relative affinity of the mutant Fc-hinge 

fragments for protein A was calculated from the slope of 
the curves shown in Figure 17 . 

In the above manner, the ability of the mutants to 
25 compete with radiolabeled wild type fragment for binding 
to SpA-agarose was determined and compared with the 
competitive ability of the wild type Fc-hinge fragment 
(Figure 17). The results of these studies indicated that 
all of the mutants are impaired in SpA binding, and the 
30 least active mutant (HQ-310/HN-433) had undetectable 
binding activity. These data are consistent with the 
crystallographic^structure of the SpA-lgGl complex 
(Deisenhofer^ 1981) . In addition, for each mutant the 
decrease in SpA binding activity correlated with the 
35 corresponding increase in catabolic rates, with mutations 
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in the CH2 domain having a greater effect (in particular, 
HQ- 3 10) than those in the CH3 domain. 

To eliminate the possibility that the increased 
5 clearance rates and decreased SpA binding activities of 
the mutants were due misfolding of the mutant Fc -hinge 
fragments, the circular dichroism (CD) spectra of the 
mutants were compared with that of the wild type Fc -hinge 
fragment in the range 190-260 nm. It was found that the 

10 spectra showed no significant differences. In addition, 
temperature denaturation analyses using CD indicated that 
the mutant and wild type Fc- hinge fragment behaved 
similarly under the conditions used {10 mM sodium 
phosphate, pH 7.0). The mutants also formed sulphydryl 

15 linked dimers (Figure 15b) that showed no tendency to 

aggregate. The data therefore suggest that the Fc- hinge 
fragments described in this study are not misfolded as a 
result of the mutations. 

20 

★ ★ ★ 

While the compositions and methods of this invention 
25 have been described in terms of preferred embodiments, it 
will be apparent to those of skill in the art that 
variations may be applied to the composition, methods and 
in the steps or in the' sequence of steps of the method 
described herein without departing from the concept, 
3 0 spirit and scope of the invention. More specifically, it 
will be apparent that certain agents which are both 
- chemically and physiologically related may be substituted 
for the agents described herein while the same or similar 
results would be achieved. All such similar substitutes 
3 5 and modifications apparent to those skilled in the art 

are deemed to be within the spirit: , scope and concept of 
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the invention as defined by che appended claims. All 
claimed matter can be made withouc undue experimentation. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

5 

(i) APPLICANT: BOARD OF REGENTS, THE UNIVERSITY 

OF TEXAS SYSTEM 

(ii) INVENTORS: WARD, Elizabeth Sally and' 
10 KIM, Jin-Kyoo 

(iii) TITLE OF INVENTION: RECOMBINANT PRODUCTION OF 
IMMUNOGLOBULIN -LIKE DOMAINS IN PROKARYOTIC CELLS 

15 (iv) NUMBER OF SEQUENCES: 16 

(v) CORRESPONDENCE ADDRESS: 



(A) ADDRESSEE: ARNOLD, WHITE & DURKEE 

20 (B) STREET: P.O. BOX 4433 

(C) CITY: HOUSTON 

(D) STATE: TEXAS 

( E ) COUNTRY : USA 

(F) ZIP: 77210 

* 

25 

(vi) COMPUTER READABLE FORM: 



(A) MEDIUM TYPE: FLOPPY DISK 

(B) COMPUTER: IBM PC COMPATIBLE 

3 0 (C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: WORDPERFECT 5.1 

(vii) ATTORNEY/AGENT INFORMATION: 

3 5 " (A) NAME: KITCHELL, BARBARA S. 

(B) REGISTRATION NUMBER: 33,928 
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(C) REFERENCE/DOCKET NUMBER: UTFD353PCr. 
(viii) TELECOMMDNICATION INFORMATION: 

(A) TELEPHONE: 512-320-7200 

(B) TELEFAX: 512-474-7577 

(C) TELEX: 79-0924 

INFORMATION -FOR SEQ ID NO : 1 : 
Ci) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 363 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDMESS : single 

(D) TOPOLOGY: linear 
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(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 



ATCACCATGG CCGGCAGACC GAAGGCTCCA CAG 

33 



15 



20 



25 



(2) INFORMATION FOR SEQ ID NO: 10: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 34 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 



TACAGGTGAC CTTACCAGGA GAGTGGGAGA GGCT 
30 34 

(2) INFORMATION FOR SEQ ID NO: 11: 
35 (i) SEQUENCE CHARACTERISTICS: 
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(A) LENGIH: 

(B) TYPE: 

(C) STRANDEDNESS 

(D) TOPOLOGY: 



32 base pairs 
nucleic acid 
single 
linear 



(xi) SEQDENGE DESCRIPTION: SEQ ID NO: 11: 



10 



ATCACCATGG CCGTGCCGAG GGATTGTGGT T(3 

32 



(2} INFORMATION FOR SEQ ID NO: 12: 

SEQUENCE CHARACTERlSTiCS: 

(A) LENGTH: 31 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 



25 ATCAGGTGAC CTTGGTTTTG GAGATGGTTT T 

31 



INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE. CHARACTERISTICS : 

(A) LENGTH: . 33 base pairs 

(B> TYPE: nucleic acid. 

(C) STRANDEDNESS: single 

(D) ; TOPOLOGY: linear 



15 



20 



Ci) 



(2) 



30 



35 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13 



ATCACCATGG CCGAAGTATC ATCTGTCTTC ATC 

5 33 



(2) 



INFORMATION FOR SEQ ID NO : 14 : 



10 



(i) SEQUENCE CHARACTERISTICS 



15 



(A) LENGTH: 

(B) TYPE: 

(C) STRANDEDNESS : 

(D) TOPOLOGY: 



3 7 base Dairs 

nucleic acid 

single 

linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 



20 ATCTACACGT GACCTTAGGA GTCAGAGTAG CGGTGAG 

37 



25 



(2) INFORMATION FOR SEQ ID NO: 15: 



(i) SEQUENCE CHARACTERISTICS 



30 



(A) LENGTH: 

(B) TYPE: 

(C) STRANDEDNESS 

(D) TOPOLOGY: 



27 base pairs 
nucleic acid 
single 
linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15 



35 
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15 



GAGCCAGTCG TTGGCCATGA TGGGAAG 

27 . 



5 (2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 27 base pairs 

10 (B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY:. . linear 



{ xi ) SEQUENCE DESCRI PTION r SEQ ID NO : 1 6 : 



AGTATGGTGT TGGGCCAGGC CCTCATG 

27 



20 



wo 93/22332 



PCr/US93/03895 



10 



-111- 
CLAIMS 



1. A recombinant vector comprising: 
an inducible promoter sequence; 

a leader sequence operatively positioned downstream 
of the inducible promoter sequence; and 

a DNA segment encoding an immunoglobulin -like domain 
operatively positioned downstream of the leader 
sequence; 

15 wherein the vector results, in secretion of the 

immunoglobulin -like domain following incorporation into a 
gram-negative bacterium. 



20 2. The recombinant vector of claim 1, further 

comprising a tag sequence positioned downstream of the 
DNA segment encoding the immunoglobulin-like domain and 
in the same reading frame. 

25 

3. The recombinant vector of claim 1, wherein the 
immunoglobulin-like domain is an immunoglobulin- like 
variable domain or an immunoglobulin-like constant 
domain . 



35 



4. The recombinant vector of claim 1, wherein the- 
immunoglobulin-like domain is a cell surface receptor 
domain or an antibody domain. 
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5. The recombinant: vecror of claim 4/ wherein the cell 
surface recepcor domain -is a T-cell receptor domain. 

5 e. The recombinant vector of claim 5, wherein the T- 
cell receptor domain is a T-cell receptor variable 
domain. 

10 7. The recombinant vector of claim 6, wherein the T- 

cell receptor variable domain comprises V^, V^, V^^,., or V^. 

8 , The recombinant vector" of claim 1, wherein the DNA 
15 segment is further defined as encoding a first and second 
immunoglobulin- like .domain. 

S. The recombinant vector of claim 8 , wherein the DNA 
20 encoding said first immunoglobulin-like domain is 
operatively linked to the DNA. encoding said second 
immimoglobulin-like domain by an in- frame linker DNA 
sequence. 

25 

10,. The recombinant vector of claim 9^ wherein said 
first DNA segment is . 

30 11. The recombinant vector of claim 10, wherein said 
second DNA segment is V^. 

12. The recombinant -vector of claim 4, wherein the 
35 antibody domain is an antibody constant domain. 
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13. The recombinant vector of claim 12, wherein the 
antibody constant: domain comprises an Fc-hinge domain, an 
Fc domain, a CH2- hinge domain, or a CH3 domain. 

5 

14. The recombinant vector of claim 13, wherein the 
antibody constant domain comprises an Fc-hinge domain or 
an Fc domain. 

10 

15. The recombinant vector of claim 14, wherein the 
antibody constant domain comprises an Fc-hinge domain 
mutant with a reduced biological half life. 

15 

16. The recombinant vector of claim 15, wherein the Fc- 
hinge domain mutant comprises a distinct amino acid in 
place of isoleucine at position 253, histidine at 
position 310, glutamine at position 311, histidine at 

20 position 433, or asparagine at position 434. 

17. The recombinant vector of claim 16, wherein the Fc- 
hinge domain mutant comprises the amino acid substitution 

25 isoleucine 253 to alanine 253, histidine 310 to alanine 
310, glutamine 311 to asparagine 311, histidine 433 to 
alanine 433 or asparagine 434 to glutamine 434. 

# 

30 18. The recombinant vector of claim 17, wherein the 

amino acid substitution is isoleucine 253 to alanine 253. 



35 



19. The recombinant vector of claim 17, wherein the 
amino acid substitutions are histidine 310 to alanine 310 
and glutamine 311 to asparagine 311. 
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20. The recombinant vecror of claim 17, wherein the 
amino acid substitutions are histidine 433 to alanine 433 
and asparagine 434 to glutamine . 434 . 

5 . 

21. The recombinant vector of claim 17, wherein the 
amino acid substitutions are histidine 310 to alanine 
310, glutamine 311 to asparagine 311, histidine 433 to 

10 alanine 433 and asparagine 434 to glutamine 434. 

22. The recombinant vector of claim 1, wherein the 
immunoglobulin- like domain , is secreted into the bacterial 

15 periplasm. 

23. The recombinant, vector of claim 1, wherein the 
immunoglobulin-like domain, is secreted into a culture 

20 medium. 

.24, The recombinant vector of . claim 2, wherein the cag 
is myc or hxs. - 

25 

25. A grara-negatiye bacterium containing a recombinant 
vector in accordance with claim 1, 

30 

26. The bacterium of claim 25, identified as Escherichia 
coll, Serratla marcescens, or Salmonella zyphlmurium. 

35 ,27.. The bacterium of. claim 25, which is F. coll BMH71- 
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28. A method of using the recombinant vector of claim 1, 
comprising introducing the vector into a gram-negative 
bacterium and culturing the bacterium to obtain an 

5 immunoglobulin- like . 

29. The method of claim 28, wherein the bacterium is 
Escherichia coli, Serratia marcescens, or Salmonella 

1 0 typhimuri um . 

30. The method of claim 28, wherein the immunoglobulin- 
like domain is a variable domain, a constant domain, a 

15 cell-surface receptor domain or an antibody domain, 

31. The method of claim 30, wherein the immunoglobulin- 
like domain is T-cell receptor variable domain V^, V^, 

20 V5, scV^V^, scV^V^, scV^Vg, or scVgV^. 

32. The method of claim 30, wherein the immunoglobulin - 
like domain is an Fc-hinge domain, an Fc domain, a CH2- 

25 hinge domain, or a CH3 domain. 

33. The method of claim 32, wherein the immunoglobulin- 
like domain is an Fc-hinge domain or an Fc domain. 

30 

34. The method"'of claim 33, wherein the immunoglobulin - 
like domain is an Fc-hinge domain mutant with a reduced 
biological half life. 

35 
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35. The method of claim 34, wherein the Fc- hinge domain 
mutant comprises the amino acid substitution isoleucine 
253 to alanine 253 , histidine 310 to alanine 310, 
glutamine 3il to asparagine 311, histidine 433 to alanin^ 
433 or asparagine 434 to glutamine 434. 



3 6-. The method of claim 35, wherein the amino acid 
substitution is isoleucine 253 to alanine 253 . 



37, The method of claim 35^ wherein the amino acid 
substitutions are histidine 310 to alanine 310 and 
glutamine 311 to asparagine 311. 



38. The method of claim 35,. wherein the amino acid 
substitutions are histidine 433 to alanine 433 and 
asparagine 434 to" glutamine 434 . 



39 - The method of claim 35 , wherein the amino acid 
substitutions are histidine 310 to alanine 310, glutaminf 
311 to asparagine 311, histidine 433 to alanine. 433 and 
25 asparagine 434 to glutamine 434. 



40. A recombinant immunoglobulin- like domain produced by 
the method of claim 28. 



41. The recombinant immunoglobulin- like domain of claim 
40, which is a recombinant T-cell receptor single chain 
variable domain oCrP heterodimer. 



35 
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42, The recombinant immunoglobulin- like domain of claim 
40, which is a recombinant Fc-hinge domain or an Fc 
domain. 

5 43, The recombinant immunoglobulin -like domain of claim 
42,- which is a recombinant Fc-hinge domain with a reduced 
in vivo half life in comparison to a native antibody 
molecule . 

10 

44 . A method for producing a recombinant protein with 
modified biological stability or half life, comprising 
preparing a fusion protein in which the protein is linked 
to a native or mutant antibody Fc-hinge domain or a 

15 native or mutant antibody Fc domain, 

45. The method of claim 44, comprising inserting a 
recombinant vector capable of expressing a native or 

20 mutant protein: Fc-hinge or protein :Fc domain fusion 

protein into a gram-negative bacterium and culturing the 
bacterium to obtain the fusion protein. 

25 46, The method of claim 45, further defined as a method 
for producing a recombinant protein with increased 
biological stability, comprising operatively inserting a 
DNA segment encoding the protein into a recombinant 
vector encoding a native Fc-hinge or Fc domain in a 

3 0 position either upstream or downstream of the Fc-hinge or 
Fc domain-encoding DNA segment and in- frame with said DNA 
segment . 

35 47. The method of claim 45, further defined as a method 
for producing a recombinant protein with decreased 
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biologicar half life, comprising operatively inserting a 
DNA segment encoding . the protein into a recombinant 
vector encoding a reduced half life Fc- hinge domain « 
mutant in a position either upstream or downstream of the 
5 • Fc- hinge -encoding DNA segment and in- frame with said DNA segmeiy:. 

48 . A recombinant antibody, constant domain, obtainable 
from a recombinant bacterium and purified relative to its 
10 natural state. 

49 . The recombinant antibody constant domain of claim 
48, which is an Fc- hinge, domain, an Fc domain, a CH2- 

15 hinge domain, or a CH3 domain. 

50. The recombinant antibody constant domain of claim 
48, further defined as a recombinant aglycosylated domain 

20 having in vivo stabiiity. 

51. The recombinant antibody constant domain of claim 
50, which is an Fc -hinge doinain or an Fc domain. . 

25 

52. The recombinant antibody constant domain of claim 
48, which has a reduced in vivo half life in comparison 

to an unmodified Fc-hinge domain or native antibody ^ 
30 molecule. 

^ ■ ■ 

53 . The recombinant antibody constant domain of claim 
52, which comprises a distinct amino acid in place of 

35 isoleucine ar position 253, histidine at position 310, 
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glutamine at position 311, histidine at position 433, or 
asparagine at position 434. 



5 54 . The recombinant antibody constant domain of claim 
53, which comprises the amino acid substitution 
isoleucine 253 to alanine 253, histidine 310 to alanine 
310, glutamine 311 to asparagine 311, histidine 433 to 
alanine 433 or asparagine 434 to glutamine 434, 



55. The recombinant antibody constant domain of claim 
54, wherein the amino acid substitution is isoleucine 253 
to alanine 253 . 



56- The recombinant antibody constant domain of claim 

54, wherein the amino acid substitutions are histidine 

310 to alanine 310 and glutamine 311 to asparagine 311. 

20 



57. The recombinant antibody constant domain of claim 
54, wherein the amino acid substitutions are histidine 
433 to alanine 433 and asparagine 434 to glutamine 434. 



58. The recombinant antibody constant domain of claim 
54, wherein the amino acid substitutions are histidine 
310 to alanine 310, glutamine 311 to asparagine 311, 

30 histidine 433 to alanine 433 and asparagine 434 to 
glutamine 434 , 

59. A- method for producing an antibody with a decreased 
35 biological half life, comprising preparing an antibody in 
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whictt the Fc-hinge domain comprises an amino acid 
mutation which results in impaired SpA binding. 

5 60. The method of claim 59, wherein the amino acid 

mutation lies in the .CH2-GH3 domain interface region of 
the Fc- hinge fragment. 

10 61 • The method of claim 60, wherein the amino acid 

mutation lies in the region between about residue 253 and 
about residue 434. 

15 62. The method of claim 61, wherein the mutation is an 
amino acid substitution at isoleucine 253, histidine 310, 
glutamine 311, histidine 433 or asparagine 434. 

20 63 . The method of claim 59 , wherein the antibody is a 

recombinant antibody and the. mutation is introduced into 
a DNA segment encoding the antibody by site-specific 
mutagenesis. 

25 

64. An antibody with a decreased biological half life. 

65. The antibody of claim 64,. wherein the antibody is 
30 conjugated to an imaging agent. 

66. The antibody of claim 64, wherein the antibody is 
conjugated to a toxin. 

35 
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67. The antibody of claim 64, prepared by the process of 
claim 59. 



5 68. The antibody of claim 64, further defined as a 
recombinant antibody . 
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